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A Badger plant is not like Topsy 

— it doesn’t just grow. A Badger 
built plant is thoroughly planned and planned with 
imagination and experience. 

This planning is apparent in orderly layout of all component parts 
for easy operation and efficient control. It is apparent in the location 
of equipment for ready access when maintenance or replacement is 
required. 

Less apparent, but of equal importance, is the attention paid to 
longer range factors such as the need for future expansion and the effect 
of reasonably foreseeable technical developments and improvements. 

When your plant is designed 
and constructed by Badger, the 
value of this planning is quickly 
demonstrated by operational 


economy and production quality. 


e. @. » BADGER  <ons CO. = get. 1841 


A SUBSIDIARY OF STONE & WEBSTER, INC. 


BOSTON 14 - NEW YORK - PARIS : neue 


"Process Engineers and Constructors for the Petroleum, Chemical and Petro-Chemical Industries 
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GIOCI (BYE: 00 THEY MAKE SHIPS DAD?" 


‘Almost no limit, son, as long as the men who design and build them continue to take 
advantage of scientific progress in all the things that make ships strong, fast and safe. 


“Things like the ship’s steel plates. 
They must be just right. That’s why 
the powerful rolls that form them in 
steel mills are kept smooth and true 
with big Norton roll grinders and fast- 
cutting Norton grinding wheels. 


**Su, you see, Bruce, in these ways and 
many more Norton has a hand in mak- 
ing modern ships bigger and better... 
another proof that I’m not boasting 
when I say ‘Norton makes better prod- 


ucts to make other products better’.” 


"To give today’s floating cities extra 
speed and smoother sailing, propellers 
must have perfect surfaces... the kind 
that come from rough-grinding with 
Norton cup-shaped wheels and finish- 
ing with Behr-Manning abrasive discs. 


nj 


**Yes,and attention to fine details is the 
sign of the wise ship designer. That’s 
—_ the terrazzo floors in galleys of 
ships like the A say Mary’ get lasting, 
non-slip safety from a Norton product 
called Alundum aggregate.” 
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perspective 


In planning this French refinery, both its 
initial operating level and its ultimate, ex- 
panded capacity were guiding factors for 
design. Room was provided for the easy 
addition of filters, double pipe chillers and 
refrigeration equipment, to double the ca- 
pacity of the unit in this respect. An efficient 
plant today, it will be equally efficient to- 
morrow, because expansion need never be 
“makeshift.” 


perspective 


Lummus catalytic cracking plants, war-built 

for 100-octane gasoline, are being operated 

to produce motor gasoline of lower octane 

rating on a consistent low-cost basis. Their 

suitability for this latter service was attained 

4 without any compromise in design for their 

io e rs pec tT i ve original purpose. Rather, the Lummus-engi- 

neered design had the flexibility to meet 

requirements for the efficient production of 
either fuel. 


perspective 


The interest of Lummus in any of its installa- 
tions does not end with construction and 
initial operation for customer acceptance. 
Periodic visits by Lummus field representa- 
tives are continued to review performance. 
In a recent case where a radical change in 
product requirements arose, these operating 
checkups furnished valuable aid in arriving 
ata prompt and practical plant modification 
to meet the new demands. 


Perspective 








THE LUMMUS COMPANY 


420 Lexington Avenue, New York 17, N. Y. 


L ty fee ha, U € | designs and builds with PERSPECTIVE 


CHICAGO—600 South Michigan Avenue, Chicago 5, Ill. economy 
HOUSTON—Mellie Esperson Bidg., Houston 2, Texas 
The Lummus Company, Ltd. fulfillment 
525 Oxford St., London, W-1, England resourcefulness 
Société Francaise des Techniques Lummus : 
39 Rue Cambon, Paris ler, France technique 
Compafiia Anénima Venezolana Lummus 
Edificio “Las Gradillas” 


teamwork 


Esquina Las Gradillas, Caracas, Venezuela 
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industries. 


Read about the performance and behavior of 
carbon black in its many applications, and you may 


find that a Cabot Carbon Black in your product 


can make it better. 


GODFREY L. CABOT. INC. 17 reascun sree 


rile fer 


The Cabot staff is ready to talk with you 
about your problems at any time. 

Ask about other Cabot Publications 
which may be useful to you. 


tte fer 


Cabot Publications 
Offer 


Carbon Black Answers 


Cabot books and pamphlets, available upon 
request, have been especially prepared by Cabot 
technicians to help users of carbon black to meet 
numerous requirements for quality in specific 


CAbOT 


, 
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CARBON BLACKS 


FOR 
RUBBER 

























BOSTON 10, MASSACHUSETTS 


CABOT REINFORCING CARBON 
BLACKS FOR RUBBER 


Rubber chemists and compounders like 
this 60-page book, because it contains 
graphs and tabulation data of analyti- 
cal tests in Natural Rubber, GR-S, and 
Neoprene. The specific sets of prop- 
erties are given for each type of car- 
bon black at various loadings. 





CARBON BLACK PIGMENTS 


Here is a 16-page, spiral-bound book 
containing a list of Cabot carbon 
black pigments; packing information; 
descriptions of special blacks for 
paint, ink, plastics and paper; electri- 
cal properties; testing procedures; 
technical data; and a list of agents 
selling Cabot products 












Trouble-free 
surface 


grinding 


under extra dusty 
or severe operating 
conditions 







with the 
AUTOMATICALLY- 
LUBRICATED 
DUST-PROOFED 
2L and 2LB* GRINDING MACHINES 


The built-in protection of these machines assures 
lower maintenance costs, improved product quality 
and longer machine life. These machines give pre- 
cision and fine finish on surface grinding of small 
and medium size work. WRITE FOR BULLETIN. 
Brown & Sharpe Mfg. Co., Providence 1, R. I., U.S.A. 


*Hand feeds only 


BROWN & SHARPE 





DESIGN FOR 
COMPETITION... 


To meet the exacting needs 
of a buyer's market every 
detail of production must be 
engineered for precision— 
quality and performance. 


Diefendorf engineers the de- 
sign and production of gears 
of all types and materials to 
meet exacting specifications. 


| DIEFENDORF GEAR 
CORPORATION 


Syracuse, New York 
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THE TABULAR VIEW 








War’s Weapons.—In the flush of forthcoming 
victory, during the early half of 1945, enthusiasm 
ran high that the end of World War II would bring 
about conditions propitious to the formation of a 
truly unified “one” world. The need for international 
unity was dramatically foreshadowed before a small 

roup of scientists on the white sands of Los Alamos 

in July, 1945, and the public was initiated into the 
need for a new kind of international thinking by 
subsequent events in Nagasaki and Hiroshima. As 
the Iron Curtain descended and divided the world 
into two antagonistic camps in a cold war, new 
reasons were found for pursuing the search for world 
unity and responsible international agreements. The 
search is still going on and many able minds make 
their contribution toward this desirable objective. 
One such attempt is contained (page 203) in “The 
Weapon of the Next War” by M. H. Witt1ams who 
prefers to be known merely as a “student of geo- 
politics, teacher, writer, and veteran of World War 
II.” The first of this two-part article discusses the 
characteristics of some modern instruments of war. 
The second part, to appear in the March issue, 
examines the probable nature of a future war. 


Wholesome World. — The search for the whole- 
some world is likewise sought by M. F. AsHtEy Mon- 
racu, Head of the Department of Anthropology at 
Rutgers University, and formerly a member of the 
faculty of the Hahnemann Medical College and 
Hospital of Philadelphia. His article in this issue, 
“Living in an Atom-Bomb World” (page 205), is pri- 
marily a plea for unified and responsible world gov- 
ernment, which Dr. Montagu sees as the only solu- 
tion to the world’s present ills. Although addressed 
primarily to members of our Western civilization — 
because they are within range of a free press — Dr. 
Montagu’s admonitions apply with equal force to the 
“democracies” of force, concentration camps, and 
police states. A keen student of mankind and his 
ethics, or lack of ethics, Dr. Montagu is particularly 
well qualified to deal with the topic in this issue. 
His past achievements include the making of the 
film One World or None for the National Committee 
on Atomic Information which has been described as 
the “most effective documentary ever made.” 


Watery Wharf.—“The Delayed Invention” by 
Wuty Ley (page 207) is a rather unusual story which 
brings into sharp focus the turn of events which may 
be expected to come about occasionally in a rapidly 
growing field of technology. Underlying Mr. Ley’s 
story is a valuable lesson in economics as related to 
technological progress, for the transoceanic islands 
originally proposed to facilitate long-distance flying 
were made obsolete by rapid progress in aeronautics. 
As one of its editorial associates, Mr. Ley is a frequent 
contributor to The Review. In the general area of 
New York City, he is also in demand as a lecturer on 
rockets and related problems. Of several books to his 
credit, the latest is The Conquest of Space. 
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“Improving” any machine really means 
increasing its productive capacity. That 
means tinkering with speeds and weights 
and strength—ending up with alloy steels. 


Which alloy steel?—the one that meets 
physical requirements at the lowest cost. 
Molybdenum steels fill that bill. Good 
hardenability, plus freedom from temper 
brittleness, plus reasonable price enable 
them to do it. 


Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 


500 Fifth Avenue - New York City 
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MARTIN-HUBBARD CORPORATION 


Engineering Consultants 


Computers — Servomechanisms 
Instrumentation for Nuclear Research 
Applied ultrasonic research and development 


Design and construction of scientific instruments 


to your performance specifications 


Complete engineering of original or unique electrical 
and mechanical devices and machinery 





Technical reports 


11 BEACON STREET 
BOSTON 8, MASSACHUSETTS, U. S. A. 


Telephone: CApitol 7-6990 “Cable Address MARHUB-Boston 








@ GENERALCONTRACT. 
¢ RoaD CONTRACTORS 
4 o—_= ONTRACTORS. 


| FASTER INSTALLATION 


~ [reMonin LINES 
va 


FOR WATER, COMPRESSED AIR, etc. 


Your exact requirements—packaged 
complete and ready to go for 


FAST, SIMPLE, IMMEDIATE INSTALLATION 
by one unskilled man with a wrench! 


You can RENT or PURCHASE 


SPELDTAY 


a complete factory-packaged 


PIPE SYSTEM 


+ Couplings and Fittings Valves and emnintes 
bd noon Prepored Speed-Loy Type As Required 






























24," to 12'/," 0.4. black or golvenized—Lorger sizes con be furnished 
LIGHTWEIGHT FOR SAVINGS in Labor end Tronspertation 


Write 
or phone 
for 
full information 


IMMEDIATE 
DELIVERY 


ALBERT 


PIPE SUPPLY CO., ING, 
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Mathematical Myopia 


From GeorceE D. Atwoop, 00: 

While reading an interesting article on the conservation 
of minerals in the January, 1950, issue of The Review, I 
was surprised at the statement that the year 1950 was the 
beginning of the sixth decade of the Twentieth Century. 
Had this been written by a Harvard man, I might under- 
stand his mental confusion, but appearing in an official 
publication of M.L.T., it is, to say the least, discouraging. 

Perhaps we should have fifth-grade arithmetic as a re- 
quirement for entrance examinations, or possibly some of 
your editorial staff should be informed that the first year of 
a decade is one and the last year of a decade is 10. Of 
course, I am too old to know — perhaps you have a new 
numerical system since my last days at M.I.T. in 1900. 
Brooklyn, N.Y. 


[Mr. Atwood undoubtedly refers to the opening sen- 
tence on page 156 in the article “The Twentieth Century 
Mid-Point” where reference is made to the earth swinging 
“into the orbit that will mark the first year of the sixth 
decade of the Twentieth Century . . .” We wish we had 
made a qualifying statement (as did some other publica- 
tions) that the end of 1950, rather than the beginning, 
marks the mid-point of our century, and the beginning of 
the sixth decade. We should like to be able to pass off this 
slip onto our printer, The Hildreth Press, Inc., who has 
just gone through the pains of moving from Brattleboro, 
Vt., to Bristol, Conn. But honesty compels us, with a red 
face, to embrace this oversight as our very own. — Ed.] 


Congratulations for Camerists 


From Cuinton C, Kemp, ’43: 

I find the articles in The Review very interesting in- 
deed, and also feel like commending you frequently on 
the photographs included with them. However, I think 
you deserve very special congratulations for the three 
pictures illustrating the article on gossip in the December, 
1949, issue. They are first rate! 

Hamilton, Ohio 












GEE! 
BG B! Chas. Pfizer & Co., Inc. 
BEEF 


What Chas. Pfizer & Co. said of our Service 


“The twenty-year relationship of the Pfizer and Bar- 
ney Companies has been a fine, honest, cooperative 
period of coordination which has resulted in soundly 
designed and well constructed buildings. These build- 
ings have, through the test of time, proven the full 
usefulness for which they were originally built.” 


W. J. BARNEY CORPORATION 


FOUNDED 1917 
101 PARK AVENUE, NEW YORK 


INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, ‘20 Vice President 
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Fingers of flame that pierce solid rock 


YEs, through a dramatic new process known as jet-piercing 

. holes can now be burned straight and true through 
solid rock! The harder the rock the more efficient the oper- 
ation! A special combination of oxygen, fuel, and water 
does the job . . . and in a fraction of the time required by 
the old drill attack. 

This process is of particular significance to the steel in- 
dustry today. Why? Because government surveys show that 
America’s reserves of top-g sani iron ore—source of steel— 
are fast being reduced. But there remain almost inexhaust- 
ible beds of the once scorned low-grade iron ore called 
taconite. 

The extremely hard and dense nature of taconite makes 
usual mining methods too costly and impractical. But the 
jet-piercing ‘process—with 1/10 the equipment and at a 
reasonable cost—will burn holes straight into the solid taco- 
nite.so that it can be blasted into lumps of usable size. 

Also, destructive abrasion from the sharp-edged rock on 
loading and crushing equipment is being better controlled 





LINDE Oxygen * PReEsT-O-LITE Acetylene 


ELECTROMET Alloys and Metals *« SYNTHETIC ORGANIC CHEMICALS 


Trade-marked Products of Divisions and Units include 


by machine parts made from extra-hard alloy steels. And 
to concentrate the iron content of the ore, new chemical 
processes can flush away much of the “waste” matter —thus 
leaving an ore 30° richer, for more efficient smelting. 

The people of Union Carbide created the jet-piercing 
flame process as well as many of the alloys, chemicals, and 
other materials essential to today’ s mining efficiency. And 
UCC stands ready to help solve prob lems in other fields of 
American enterprise . . . wherever better basic materials 
and better processes are needed. 
FREE: Jf you would like to know more about 
many of the things vou use every day, send for 
the illustrated booklet “Products and Processes.” 
It tells how science and industry use l CC's 


Alloys, Chemicals, Carbons, Gases, and Plastics. 
Write for free Booklet J. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK 17, N. Y. 








PyroFax Gas ¢ HAYNES STELLITE Alloys 
BAKELITE, KRENE, VINYON, and VINYLITE Plastics 


ATIONAL Carbons «+ CHESON Electrodes * EVEREADY Flashlights and Batteries * ESTONE anc eK Anti-Freezes 
NATIONAL Cart ACHESON E] | I Flashligt iB PREST 1 TREK Anti-F 
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because | said it 


LS “TAKE IT TO TAFT-PEIRCE” - 
flu 
. . - but I can’t touch that retooling mi 


for six months,” I said. br 


“Why not?” The Old Man’s tone was de 
ominously silky. 

















: ex, 
“Well . . . there’s the Charlesville project, th 


” 


Bill Newton’s job and... . ine 


Majestically the Boss started to rear all five tic 
feet of him into Napoleonic stance number one. 


“Here it comes,” I thought. “Trouble with a capital 
T.” Then, just in time, I had an inspiration. 


“Let’s Take It To Taft-Peirce,” I almost shouted. sy: 


f That did it. He stopped . . . beamed. And an 
now I'ma V. P. ho 


That’s a good answer whenever a manufacturer has a 

problem. Here at Taft-Peirce your product or equipment can 
be designed or redesigned . . . the necessary tools wh 
and fixtures produced from idea to shipment . . . machined set 
parts or assemblies built either in pilot or carload lots. an 


Contract work is our specialty. We'd like to show you 

how it will save money for you. Write today for 

“Take It To Taft-Peirce” . . . our 82-page Contract Service ‘fol 
= Brochure. Address The Taft-Peirce Manufacturing Co., tT 


AZ | Woonsocket, R. I. ful 





For Engineering, Tooling, Contract Manufacturing — ‘ 


TAKE IT re TAFT-PEIRCE 
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What GENERAL ELECTRIC People Are Saying 


E. E. CHARLTON, 
Research Laboratory 


Mepicat Exvectronics: In medical 
x-ray diagnosis we have, in the last 
few years, seen the use of the fluoro- 
scope decrease in comparison with 
the radiography. Why has this been? 
The reason is twofold. The patient 
and the doctor were both ukaomen 
to so much radiation that the 
hazards of radiation damage im- 
posed severe limitations on adequate 
and flexible fluoroscopic techniques. 
Furthermore, these hazards imposed 
the use of low x-ray intensities yield- 
ing screen images of such low lumi- 
nosity that the limitations of the 
human eye precluded high resolu- 
tion; that is, the recognition of fine 
detail. The enforced requirement of 
low x-ray intensity also brings with 
it the necessity of a 15- or 20- 
minute period for dark adaptation 
of the eyes in preparation for the 
fluoroscopic examination. The doctor 
must also limit his examination to 
brief glimpses rather than a more 
detailed study of the screen image. 
If the required x-ray intensities for 
examination could be reduced and 
the fluoroscopic picture sufficiently 
increased in brilliance, these limita- 
tions would be largely dissipated. 
It seems certain that electronics 
will come to the rescue in this prob- 
lem by removing many and perhaps 
all of these limitations. Of various 
systems that have been proposed 
and are being investigated, one that 
holds great promise makes use of 
some a of electron image tube 
and embodies some of the principles 
of the wartime sniperscope, by 
which our soldiers were enabled to 
see the enemy in the dark . . . Such 
an x-ray image tube intensifier 
offers the possibility of an amplifica- 
tion of as much as several hundred 


‘fold in brightness while at the same 


time increasing resolution. Success- 
ful attainment of this goal will not 
only greatly enhance the usefulness 
of the fluoroscopic method but will 
also facilitate photographic record- 
ing of the image, especially in those 
cases where moving pictures are de- 
sired. A full realization of all that 
the method promises would be quite 
revolutionary in the x-ray art. 


Inter-American Congress of Surgery, 
Chicago, 
October 21, 1949 


A. H. TAYLOR, 
Lighting Research Laboratory 


Mo tp Conrrot: Every house- 
wife has experienced the loss of 
foodstuffs by reason of molds. Like- 
wise, manufacturers of many prod- 
ucts incur losses produced by mold 
contamination at some point in the 
manufacturing process. In _ total 
these losses amount to millions of 
dollars yearly: consequently, any 
practical method of reducing losses 
due to molds should be of great 
general interest. 

Air-borne mold spores, originat- 
ing in decaying animal and vege- 
table matter, are more widely dis- 
tributed in outdoor and indoor air 
than is generally recognized . . . 

It has long been known that 
bacteria could be killed by suitable 
exposures to ultraviolet, but little 
was known regarding its effect upon 
air-borne mold spores. The introduc- 
tion of germicidal lamps . . . made it 
feasible to apply them to the disin- 
fection of air, some liquids, and the 
surfaces of solids. Researches . . . 
have shown that the mold spores can 
also be inactivated by the germi- 
cidal ultraviolet energy, but that 
the required dosages are much 
higher than for most bacteria . . . 

Although mold spores are much 
more resistant to germicidal ultra- 
violet than are the mixed organisms 
in saliva, . . . it should be possible 
to reduce economic losses due to 
mold contamination— especially 
during manufacturing processes 
by practicable installations of germi- 
cidal lamps. Furthermore, they can 
be applied to upper-air irradiation of 
occupied rooms without exceeding 
intensities safe for the occupants of 
the rooms. Thus personnel and 
product protection can be promoted 
simultaneously with the same instal- 
lation of germicidal lamps. Applica- 
tions of localized high-intensity radi- 
ation over production lines, such as 
bottling or canning, are being used 
with good results in many places. 
While it is unreasonable to expect 
the germicidal lamps to completely 





eliminate economic losses due to 
molds, such losses can be materially 
reduced. 


American Public Health Assn., 
New York City, 
October 28, 1949 


* 
K. E. WAKEFIELD, 


General Engineering & Consulting 


Laboratory 


Macnetic Ciutcu: Much interest 
has been evidenced in the National 
Bureau of Standards’ recent report 
that so-called “magnetic” fluids, 
consisting of finely divided iron 
powder mixed with light oil, can be 
utilized with great efficiency as a 
medium for binding together two 
parallel surfaces between which a 
magnetic field has been produced. 
Such an arrangement can Pe readily 
set up in the form of a clutch and, 
because of this, the mechanism be- 
came known as the “magnetic fluid 
clutch.” ... 

The magnetic fluid clutch consists 
primarily of two parallel magnetic 
surfaces separated by a me gre 
that is filled with a mixture of oil 
and finely divided iron powder. The 
surfaces may be two parallel disks 
or concentric cylinders, each rotat- 
ing independently of the other about 
a common axis. The unit contains a 
coil to produce magnetic flux in the 
region between the surfaces, and a 
return path for the flux is provided. 
Provision is also made to seal in the 
iron-oil mixture to prevent leakage. 

If no magnetic field is present, the 
force restraining relative motion be- 
tween the two surfaces is produced 
only by the viscous drag. In the 
presence of a magnetic field, how- 
ever, the fluid seemingly solidifies 
and the restraining force becomes 
very great. Thus the device adapts 
itself well to a clutching or braking 
operation. 


General Electric Review, 
December, 1949 
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Here's why leading car makers 


and the public prefer this great 
tire: It gives ... 


otro Super Scushion 
FEWER CAR REPAIRS! 
GOODFYEAR 


MORE MILEAGE! 
More people ride on Goodyear Tires than on any ofer kind 





5SUPER-CUSHION T M.-—-THE GOODYEAR TIRE & RUBBER COMPANY 
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from Black Star 








J. B. Guss from Black Star 


Timber! 


The population of the United States has increased 
75 per cent during the past four and a half dec- 
ades, and our material acquisitions have multi- 
plied in the interim. Yet, lumber production, 
which reached its peak of 46,000,000,000 board 
feet in 1906-1907, dropped to an annual average 
of about 31,000,000,000 board feet in the 1935- 
1945 decade. The more efficient use of forest prod- 
ucts (in which plywood and similar laminated 
materials replace solid woods, and in which pulp 
products compete with sawn lumber and wood 
in natural form) has aided in conserving an im- 
portant national resource. The rise of plastics and 
the substitution of metals have also contributed 
to this trend; and losses from forest fires have 
taken a dip in recent years. But lumbering of to- 
day, with its mechanization, as shown in these 
views from Washington and Northern Ontario, is 
enjoying a postwar boom. 
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The Trend of Affairs 


Studying the Weather with Radar 
LY ees radar is being developed in the De- 


partment of Meteorology as a new tool for 

tracking and studying the detailed behavior of 
storms. With the new technique, the location and path 
of areas of precipitation can be determined. In addi- 
tion, the local variations in intensity of precipitation 
and the internal movements within the storm area may 
be estimated. Within the foreseeable future, the new 
tool holds promise of enabling aircraft traffic towers 
to employ their present radar sets for local storm ob- 
servations and, thereby, to assist planes in avoiding 
turbulences, icing, and other unfavorable weather 
conditions. Although of less immediate application, 
the knowledge which is gained from radar storm 
tracking finds extensive use in supplementing other 
weather data so that long-range weather forecasts 
may be brought one step closer to realization. 

Weather radar is a postwar research project which 
owes its origin to the intense development of military 
radar techniques during World War II. Early in this 
development, it was found that the high-power, very 
short wave pulses sent out from a radar transmitter 
were reflected and returned to the radar receiver by 
areas of 0 PR but thorough exploitation of 
this discovery had to await the completion of the war. 
The program under way at M.I.T. was initiated early 
in 1946 through a contract placed by the Army Signal 
Corps with M.L.T. 

Prior to the use of radar, the meteorologist had no 
way of obtaining an instantaneous picture of a storm 
over a large area. If there were numerous observation 
posts simultaneously taking data throughout a storm, 
it would be possible to reconstruct detailed pictures of 
the disturbance; but even with a prohibitively large 
number of such observation posts, details would 
be missed which are picked up and presented instan- 
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taneously by radar. The entire atmosphere is now 
scanned for a radius of over 100 miles, and all regions 
of precipitation throughout this area are indicated on 
the screen of an oscilloscope. 

The principle of the scheme is that water droplets 
and ice particles cause backscattering of radio energy 
in the three- to 10-centimeter wave length range. The 
intensity of the backscattering is proportional to the 
sixth power of the drop diameter. Very small drops 
scatter a negligible amount of the radar beam, and it 
happens that the intensity of scattering first becomes 
measurable as the drops reach a size about large 
enough to start falling. Clouds, therefore, are de- 
tected only at very short ranges. The intensity of the 
precipitation echo signals depends both on the size 
and number of the drops, as well as their distance from 
the observation post; therefore, a given pattern on the 
radar oscilloscope might be produced by different 
combinations of numbers and sizes of drops at differ- 
ent distances. Actually, the following three types of 
measurements are obtained: (1) the geographical lo- 
cation in space of the echoes, and their vertical extent, 
(2) the average intensity of the echo from any chosen 
region, and (3) the fluctuations in intensity of the 
echo from any chosen region which are functions of 
the velocities of the rain drops. Such data must be in- 
terpreted in meteorological terms. 

The research group in the Department of Meteorol- 
ogy, working under the direction of Alan C. Bemis, ’30, 
research associate, have three radar units, all of which 
are operated during any storms in the neighborhood 
of Cambridge. Two of the sets operate at three centi- 
meters wave length, and the third at 10 centimeters. 
One of the three-centimeter sets is a new one having a 
narrow conical beam producing images of sharp defi- 
nition. It was designed especially for weather studies 
by the Army Signal Corps. The other two are essen- 
tially World War II military sets. 





Photographic reproduction of image on range-height indicator 

radar scope, showing a vertical section through a storm running 

for 60 miles southeasterly from M.1.T. The horizontal stratifica- 
tion occurs just below the freezing level. 


To date, these sets have been employed primarily 
in an analysis of the meteorological meaning of the ra- 
dar scope pictures. During a storm, an airplane is 
flown through those regions of precipitation which ap- 
pear on the radar scope. The plane collects data on 
the local values of the total liquid water content per 
unit volume, the size distribution of the rain drops or 
ice particles, the shape of ice particles, and the rela- 
tive motion of the particles. This latter can only be es- 
timated indirectly from the vertical accelerations of 
the airplane. The position of the airplane is followed 
by radar tracking, and accurate radar measurements 
of the storm near the plane are taken simultaneously 
with those using instruments in the plane. 

In recent months, the analysis has been greatly ex- 
pedited by the perfection of an instrument capable of 
measuring the size of rain drops from an airplane. In 
this instrument, individual water particles intercept a 
very narrow light beam which is directed at a photo- 
electric cell. The larger the particle, the greater will be 
the fraction of the light that is intercepted. Hence, the 
size of each water particle is transformed into an elec- 
tric pulse each of which can be measured and counted 
automatically. 

In addition to improving the interpretation of ra- 
dar data, the meteorology group is already applying 
the method to investigating storm structure. Perma- 
nent radar records have been made of nearly all of the 
storms passing through the Cambridge area in the past 
two years. One particularly interesting observation is 
the location of the freezing level in the atmosphere, 
illustrated in the photograph at the left of the page. 
This picture results from a vertical sweep of the radar 
beam. The bright horizontal band represents the re- 
gion where snow is melting to rain since liquid water 
is more strongly reflecting than snow. 

Another interesting observation is shown in the pho- 
tograph at the right where the radar beam is rotated 
in a horizontal plane. In this case, although the storm 
may appear to an observer at any one spot as a gen- 
eral steady rain, the radar screen shows it to have a 
complicated structure of intense and light precipita- 
tion zones. The course of the plane investigating pre- 
cipitation characteristics of such zones can be readily 
traced on the display of the radar scope. 





Image as seen on a plan-position indicator radar scope, show- 

ing widespread rain echoes extending over an area more than 

200 miles in diameter. Some of the small intense spots are 
echoes from airplanes. 


New Synthesis of Peptides 
ee, in the form of their more complicated pro- 
tein cousins, constitute the principal components 
in skin, hair, horn, and other biological tissues. In the 
body, peptides are made naturally under simple, nor- 
mal conditions, at low (body) temperatures, in aque- 
ous solutions, and without harsh chemical reagents. In 
the past, chemists have been able to prepare peptides 
by methods involving elevated temperatures, non- 
aqueous solvents, and corrosive substances; but until 
recently, they have not been able to approach na- 
ture’s method of achieving the same result. In the last 
eight years, a theory has been worked out to explain 
nature's method of preparing peptides. Recent 
studies, conducted at the Institute’s Department of 
Chemistry, represent a preliminary attempt to dupli- 
cate this method of preparation. 

The chemical combination of amino acids has its 
own value as a mode of peptide production, but, prob- 
ably more important, the reactions themselves pro- 
vide penetrating insight into protein chemistry. 
Knowledge of protein structure gained through 
the synthesis and study of relatively simple peptides 
has contributed enormously to a better understanding 
of the chemical nature of toxins, antibodies, hormones, 
enzymes, and viruses. With the recent discoveries of 
the peptide nature of certain antibiotic substances, in- 
cluding gramicidin, tyrocidin, and diplococcin, there 
is renewed interest in practical methods for the syn- 
thesis of peptides. 

An interesting approach has been made to the du- 
plication of nature’s own way of synthesizing pep- 
tides, which, like their more complex relatives, the 
proteins, are composed of repeating amino acid struc- 
tural units. Although chemical methods are known for 
joining together amino acid molecules to form simple 
peptides, none of these resemble the route used in liv- 
ing cells. According to currently accepted theory, the 
natural synthesis of peptides proceeds by an activa- 
tion of the amino acid carboxyl group by combination 
with phosphoric acid. 

In a forthcoming issue of the Journal of the Ameri- 
can Chemical Society, John C. Sheehan and Victor 
S. Frank, ’42, describe the first successful prepara- 
tion of peptides using synthetic, energy-rich, phos- 
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phorylated amino acid derivatives. The reactions were 
carried out at room temperature, in neutral aqueous 
solution, thus simulating physiological conditions. 
During the past year, the same persons developed a 
second promising new technique for preparing pep- 
tides as reported in the Journal of the American 
Chemical Society for May, 1949. 

This new method of synthesis has several advan- 
tages over those previously used. The primary advan- 
tage is that 60 to 70 per cent of the amino acids can be 
converted into the desired peptide, whereas previous 
methods gave 20 to 50 per cent yield. The steps in the 
new synthesis are considerably simpler to carry out 
and, in many cases, much less time-consuming. Fur- 
thermore, sulfur-containing compounds present no 
special problem, although they are difficult to handle 
by conventional means. 

It is anticipated that the new synthesis will contrib- 
ute to a better understanding of the chemical nature 
of toxins, allergy-producing agents, hormones, en- 
zymes, and viruses, by facilitating the synthesis and 
study of peptide models. It is possible that the advan- 
tage of the new method will permit synthesis of some 
simpler, naturally occurring peptides of interest in the 
medical world. 


Transients in Hydroelectric Systems 
M efficient use of water supplies and water 
power, coupled with greater precision in the op- 
eration of electric clocks, may well be two of the more 
direct results of studies now going on at the Institute. 
Under a special grant from the Research Corporation 
of New York, the hydraulics division of the Depart- 
ment of Civil and Sanitary Engineering is studying 
the behavior of hydroelectric power systems when 
subjected to changes in operating conditions. 

The maintenance of constant voltage and fre- 
quency of electric generating systems, although an old 
problem which has been studied in the past, has again 
assumed great importance in recent years, both be- 
cause of the consumer demand for accurate electric 


timing, and because of the growing practice of inter- 
connecting several power generating systems to pro- 
vide greater reliability of service. Because of the 
limitations of methods of analysis before World War 
II, earlier analyses of the transient behavior of hydro- 
electric systems were based on oversimplified approxi- 
mations to true operating conditions. The results thus 
obtained are no longer good enough for operation of 
modern generating systems. In the present study, 
electronic analogue computers are employed, not only 
to increase the speed of calculation, but also to find 
solutions to problems so complicated and difficult that 
machine methods offer the only practical means of 
solving the nonlinear differential equations represent- 
ing the physical structure of the system. 

The general arrangement of a hydroelectric power 
system is illustrated in the accompanying figure. Wa- 
ter flows from a reservoir through a conduit and 
penstock to a water turbine. To damp out pressure 
fluctuations, which result when the water flow rate is 
changed, a surge tank containing a central standpi 
is connected to the conduit slightly upstream from the 
penstock. A governor on the turbine regulates the 
speed of rotation by opening and closing the turbine 
nozzles. It is evident, therefore, that any change in op- 
eration involves the combined transient properties of 
the reservoir, conduit, surge tank, penstock, turbine, 
and governor. In addition, a complete analysis must 
give proper consideration to the characteristics of 
electrical elements; namely, the generator, voltage 
regulator, and transmission-distribution network. It 
must also take account of the load characteristics. 

As a start of what is hoped will eventually be a com- 
plete analysis of the above system, Henry M. Paynter, 
Jr., "44, instructor, and co-workers in the Department 
of Civil Engineering are analyzing a system consisting 
of a reservoir, conduit, surge tank, and gate. The latter 
is merely a valve in the line which approximates the 
adjustable nozzles of the water turbine. The first prob- 
lem up for detailed study is the behavior of surge tanks 
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Schematic diagram of a typical hydroelectric installation whose transient performance is being studied by means of electronic 
analogue computers. 
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help eliminate changes in water pressure as gates and 
valves are opened and closed. Mr. Paynter plans to 
make a thorough analysis of such tanks, and hopes to 
determine a way to definitely ascertain the sizes and 
designs most suited to particular needs. 

Of the various types of computing machines that 
might be used for such studies, the most suitable seem 
to be the electronic analogue type. Analogue comput- 
ing components may be assembled to solve a part of a 
large problem, after which more components may be 
added to include additional parts of the problem until 
finally a machine is constructed which will solve the 
entire overall problem. For the hydroelectric problem, 
computer elements have been combined to indicate 
the transient conditions caused by the interaction of 
the reservoir, conduit, surge tank, and gate for com- 
parison with and extension of the calculations that 
were carried out manually. Results from the machine 
are indicated by a curve which is traced on an oscillo- 
scope. In typical examples which have been observed 
the fluctuations of water level in the standpipe are in- 
dicated as a function of time when the water flow is 
started and stopped in a given flow system. 

Reliable agreement has been found between the re- 
sults from the computing machine and those obtained 
by manual computation. Additional solutions are now 
being obtained with the computing machine for other 
types of surge tanks and for other changes in the sys- 
tem. More analogue components are being prepared 
for the next step in the expansion of the problem, 
which will take into account the dynamics of the gov- 
ernor in operation of the gate. 


Something New, Something Old 


ar Woon’s Miss Americas, the motor boats that for 

many years made and remade the world’s speed 
records, were a far cry from the ancient double-hulled 
sailing canoes of the South Seas. His latest venture 
into naval architecture also has the earmarks of the 
ultramodern — Diesel engines, variable pitch propel- 
lers, plywood hulls, and other features confusing to a 
simple South Sea native. Yet the kinship of Mr. Wood's 
vessel with the double-hulled craft made of logs and 
lashed with coconut fiber is startling. 

This vessel, the Venturi, is a Diesel-powered cata- 
maran 188 feet long and 40 feet wide. Quite possibly 
it may be the largest twin-hulled ship ever built. Con- 
structed with considerable attention to weight reduc- 
tion, the vessel displaces only 128 tons and its 1,200 
horsepower engines have already driven it at the most 
respectable speed of 26 knots. The ship was originally 
intended to be a remote controlled and armored tar- 
get, resembling an aircraft carrier, but was built too 
late to see service in this capacity and was reacquired 
by Mr. Wood. 

The craft exhibits the roll-resistance characteristic 
of the catamaran, and has been reported as making 
hard rudder turns at full speed with the remarkably 
low heel of about two eon. To observers ac- 
quainted only with conventional single-hulled ships, 
however, the most astonishing aspect of the design 
is that the hulls are not of symmetrical outline. On the 
outside, each hull is straight until about a third of the 


THE TECHNOLOGY REVIEW 





and 
s to 
s to 
and 


hat 
em 
yut- 
of a 


ntil 
the 
2m, 
ate 

of 
m- 
hat 
ine 
lo- 
ed 


1S 


re- 


ed 


er 
yS- 





way from the stern, where it begins to curve in gently. 
The inside lines of the hulls are curved more or less 
like the outside of an orthodox boat, but in reverse. 
Thus the distance between the hulls at the bows is 
virtually the full breadth of the ship, but the hulls 
then belly in toward each other so that, well past the 
center of the ship, there are only about 24 feet between 
them. The area between the hulls looks like a cross 
section through a Venturi tube — thus the name Ven- 
turi originated. 

Mr. Wood envisions a much larger ship of this type, 
weighing in the neighborhood of 16,000 tons. It would 
have roughly the same outside dimensions as the 
Queen Mary but could carry twice as many passen- 
gers and could be driven to perhaps 36 knots with 
about 120,000 horsepower. The Queen Mary uses 
200,000 horsepower to reach some 32 knots. Offhand, 
it would seem that the future of the catamaran as a 
cargo carrier is less bright. For the same capacity it 
would inevitably require more hull structure and 
wetted area. As a passenger ship, its inherent roll sta- 
bility and greater deck area are definite assets. 

More traditionally, the catamaran has been known 
since the days of Lord Anson who circumnavigated 
the globe about 1740 (and who during his voyage took 
a Spanish treasure galleon from Acapulco that was 
worth 500,000 old-fashioned British pounds). Other 
sailors, including the New England whalemen, con- 
tinued to report on the astonishing speed of the asym- 
metrical hulls, and of their ability to lie much closer 
to the wind than the European ships of the period. 
The catamarans and outrigger canoes were built with- 
out benefit of metal fastenings or Western methods of 
construction and were hardly designed to impress 
American and European eyes with their seaworthi- 
ness. Nevertheless, it would seem that the speeds 
reported for these little boats — up to about 18 knots 
— would have made more of a stir since the fastest sin- 
gle-hulled ship ever built, the James Baines, made its 
record breaking 21 knots on a displacement of 2,515 
tons and a length of 266 feet. 

One of the few serious students of the catamaran 
in this country was the late Nathanael Greene Herres- 
hoff, "70, who built several such craft between 1879 
and 1885. At first he did not maintain a rigid con- 
nection between the hulls, and in fact patented ball- 
and-socket designs that allowed the hulls to work 
independently to some degree. (The tendency today is 


‘to tie the hulls together very stiffly, and to claim some 


aerodynamic lift from this bridge.) Captain Herres- 
hoff used to race the Fall River Line steamers down 
Narragansett Bay in his catamarans, and with a stiff 
wind could draw away from these 16-knot ships. As 
far as photographs show, his hulls were symmetrical, 
and he either did not know about, or chose to ignore, 
the slightly bizarre lines that the Polynesians, through 
centuries of trial and error (and with hydrodynamic 
justification) had developed for these craft. In 1945 
the Herreshoff yards built a 25-foot experimental cata- 
maran called the Sea Spider to examine its production 
possibilities. It was not an unqualified success, al- 
though it could be driven to 15 or 16 knots. The type 
has not caught on as a pleasure or racing craft in this 
country. Perhaps one reason for antipathy toward it is 
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that it has been barred from competition with single- 
hulled yachts for the last 70 years. At least one triple- 
hulled sailing boat has been built in this country. 

As presently constructed, the two hulls and connect- 
ing structure of a catamaran do not make it an inex- 
pensive craft, and some of its sailing characteristics 
may come as a surprise to a yachtsman inexperienced 
with the type. For example, the great righting mo- 
ment (or torque for a given displacement) which is the 
factor that permits the catamaran to carry relatively 
immense amounts of sail in stiff winds, is at a maxi- 
mum just as the weather hull is lifted clear of the 
water and when the heel, by conventional standards, 
is scarcely worth mentioning. As a well-ballasted keel- 
boat heels over, it simultaneously increases its right- 
ing moment and spills the wind out of its sails, thus 
reducing its overturning moment. It is, therefore, in- 
herently stable, and if it is decked over so that it can- 
not be flooded, it will not capsize. The catamaran, 
however, has a critical angle of stability and if chance 
or an unalert helmsman permits that angle to be ex- 
ceeded, the boat will overturn. 

One of the most unusual catamarans now in exist- 
ence is the Manu Kai, built in the Hawaiian Islands 
along traditional Polynesian lines but with modern 
aircraft construction. This 40-foot craft, carrying only 
370 square feet of sail, is reported to have done more 
than 22 knots. That it has made long ocean voyages 
successfully is not surprising considering what simi- 
lar boats have done over the centuries. This craft can 
be seen in the photograph on page 584 in the National 
Geographic for November, 1949. 


Seeing Molecules 
r= since the 1930's, when the first unit was built, 
it has been known that the resolution of the elec- 
tron microscope is sufficient to permit direct observa- 
tion of the larger molecules. Only recently, however, 
has it been possible to prove, by the regularities and 
characteristic forms photographed, that individual 
molecules can, indeed, be definitely observed. 

For the first time, a procedure has been developed 
in the Department of Biology for resolving the mole- 
cules of the protein, edestin, in photographs. The pho- 
tograph reveals groups of these protein molecules in 
the crystalline state and gives information concerning 
their size and weight. The new procedure represents 
another advance in the rapid development of electron 
microscopy, which is making possible the direct visu- 
alization of colloidal particles, components of cells and 
tissues, and even the smaller viruses. Since the edestin 
molecule (whose molecular weight is 290,000) is not 
very large for proteins, the direct visualization of it 
represents a significant step in science. The technique, 
developed by Cecil E. Hall, 48, Associate Professor 
of Biophysics, is as follows: 

Edestin crystals are deposited on a specimen screen 
with collodion film. Since the crystals themselves are 
relatively opaque to the electron microscope, a “trans- 
fer shadow” is employed to render the surface struc- 
ture visible. A specimen is placed in an evacuated bell 
jar and coated with uranium or nickel, evaporated 
from a hot tungsten filament placed off to one side. 
The uranium or nickel does not, of course, deposit uni- 
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formly over the surface but does so in a manner which 
reveals the surface irregularities. The surface is then 
coated with an evaporated film of silicon oxide which 
forms the next backing. Next, the collodion is washed 
off with acetone, and the residual protein with dilute 
hydrochloric acid, leaving a film of silicon oxide with 
the uranium or nickel deposit representing in relief 
the edestin crystal. 

An attempt is now being made to extend the tech- 
niques employed in this study to obtain photographs 
of even smaller protein molecules. 


The Story of Vermiculite 


R ELIABLE records indicate that the story of vermicu- 
lite began in 1824 when one of the early American 
scientists, Thomas H. Webb, found a sample of this 
mineral near Worcester, Mass. He took it home with 
him and tried to investigate its properties. According 
to the chemical knowledge of that time such an inves- 
tigation consisted mainly in trying to dissolve it in 
various liquids and, if that did not yield any results, 
in calcining it. 

It was the result of this calcining which led to the 
name of the then new mineral. “If subjected to the 
flame of a blowpipe, or that of a common lamp, it ex- 
pands and shoots out into a variety of fanciful forms, 
resembling most generally small worms having the 
vermicular motion exact. . . . I term it Vermiculite 
. . .”* This expansion, or exfoliation, as it is also 
called, is not only visible, it is also clearly audible, and 
the sound resembles a crackling brush fire except, of 
course, that it is much fainter. Webb seems to have 
been too surprised to measure the expansion exactly. 
It is now known that the volume of exfoliated ver- 
miculite is about 16 times the volume before expan- 
sion takes place. 

In the course of the Nineteenth Century it gradu- 
ally became known that vermiculite is not really rare. 
Small quantities of it can be found in many places all 
over our planet, especially in such places as where 
mica occurs, since the two are somewhat related. In 
fact, more than one scientist began to suspect that 
reports of Persian and Indian magicians, who “caused 
stones to grow” before the eyes of their audiences, ac- 
tually referred to exfoliation of vermiculite. It is easy 
to see why the spectacle of a stone expanding with 
crackling noises and weird motions would be ac- 
cepted as magic by an untutored audience, especially 
since the same stone seemed to turn into gold or silver 
in the process. The material does acquire a golden 
sheen when exfoliated, and it is sometimes found in 
this state. 

Vermiculite may have fooled prospectors on occa- 
sion because of its golden sheen. One can only say that 
anybody who thought it to be gold must have been 
quite untutored and inexperienced since real gold is 
one of the heaviest metals, while exfoliated vermicu- 
lite is lighter than cork and cannot get considerably 
heavier than water even when soaked with moisture. 
Prior to expansion, it looks black or blackish brown 
and resembles wood that has rotted in the ground. 

(Continued on page 219) 


* American Journal of Science, 1824, VII: 55. 
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Weapon of the Next War—I 


The Probable Nature of Any Future War Provides Cogent Reasons 


for Rapidly Building Structures for World Security. Some 


Modern Instruments of Warfare Are Appraised Herewith 


development of rockets and guided missiles, to- 

gether with the atomic bomb, has resulted in 
much serious thought, as well as conjecture, by indi- 
viduals in the Armed Forces concerning the part to 
be played by their respective services in any future 
war. One method of arriving at a logical conclusion 
would be to trace the development of rockets and 
guided missiles; but, since this is an era when a new 
discovery might instigate a complete technical revo- 
lution, any examination of the subject must of neces- 
sity be considered in very general terms. 

Rockets are an old weapon of war. The Chinese 
first used them in the Thirteenth Century and they 
were employed by various Western nations for the 
following 500 years without any spectacular results. 
However, late in the Eighteenth Century, they were 
used effectively against the British by Tippoo Sahib 
and, as a result of this Indian success, an Englishman 
named William Congreve developed the war rocket 
to a point where it became a serious rival to the 
smoothbore guns of the day. In fact, every European 
army had a corps of rocket artillery as part of its or- 
ganization during the early Nineteenth Century. 

The rocket was then superseded by rifled artillery 
and for nearly a century it was employed principally 
for lifesaving, signaling, and other special chores. It 
was not used in a significant role again until 1940 
when its return was made possible by the mastery of 
new engineering techniques as well as a greater ap- 
preciation of its potentialities. Ten years ago, many 
people, including military leaders and engineering 
experts, had no faith in rockets; yet today, rockets not 
only have already played a major part in warfare, but 
are challenging both artillery and aircraft, and prom- 
ise to be a decisive weapon in any future conflict. 

During World War II only flying-bomb types of pi- 
lotless aircraft, culminating in the famous V-1, were 
employed by the Germans, but future possibilities are 
already assured, not only in the ability of the ma- 
chines to deliver explosives to a distant location, but 
also for reconnaissance and the destruction of enemy 
aircraft by collision with launched short-range pro- 
jectiles. By the end of the war the Germans had, in 
advanced development, rockets carrying out all three 
of these functions, but the future pilotless aircraft will 
certainly be jet propelled or rocket propelled. In ef- 
fect, then, the present distinction between pilotless 
aircraft and rockets will soon disappear. 

The rocket has two dominant characteristics in its 
enormous rate of power generation, more than a thou- 
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sand times that of a conventional engine of similar 
size, and its independence of any external medium 
for fuel, support, or thrust. The first characteristic en- 
ables it to achieve very high speeds and accelerations, 
while the second permits it to travel in the rarefied air 
of the upper atmosphere, or in no air at all. The sec- 
ond characteristic emphasizes the fact that the rocket 
exerts no recoil, an important, and in some ways, an 
overwhelming advantage over ordinary artillery. 


Some Fundamentals 


The performance of a rocket depends upon certain 
technical considerations. The most important of these 
is the jet velocity which in turn depends upon the 
type of fuel used and the efficiency of the motor. Us- 
ing the most powerful chemical fuels, this velocity has 
a theoretical maximum of about 12,000 miles an hour. 
The V-2 rocket was comparable, according to its de- 
signer, with that of the airplane at the close of World 
War I, as far as development was concerned. Yet the 
V-2, which represents an early stage in rocket devel- 
opment, had a jet velocity of 4,770 miles an hour. 

A rocket motor with a certain performance can be 
used in two ways. First, it may be employed to drive 
the projectile or aircraft at a certain velocity which 
is then maintained as long as the fuel supply lasts, 
usually a matter of seconds or at most a very few min- 
utes. Air resistance prevents the machine from reach- 
ing more than a fraction of its theoretical speed, and 
the flight or trajectory ends soon after the failure of 
the fuel supply. Consequently, this is a short-range, 
low-altitude application of the rocket in which the 
maximum speeds attained are usually less than the 
velocity of sound. 

The second use, exemplified by the long-range 
rocket, A-4 (V-2), is for those cases in which the 
motor imparts the greatest possible velocity to a ma- 
chine which, for most of its flight, travels as a free 
projectile at such a height that air resistance is almost 
negligible. It is by this method, and this method alone, 
that the rocket is used efficiently. The atmospheric 
applications are all extremely wasteful of fuel and are 
only justified by high performances which cannot be 
obtained in any other way. For example, in a vacuum, 
where its motor could still operate (although its con- 
trol surfaces would, of course, be useless) the Me- 
163B would attain a speed of 2,700 miles an hour 
when it had burned up all of its fuel. In practice, how- 
ever, once it has reached a velocity of about 600 
miles per hour, all the remaining fuel is used to over- 
come drag. 
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If air resistance is neglected, it is a relatively simple 
matter to design a rocket which will travel at twice 
the velocity of its exhaust. As far as present fuels and 
motors are concerned, this would mean 10,000 miles 
per hour. Theoretically the speed can be increased 
by increasing the fuel load, but such an increase in 
fuel will soon reach the maximum limit due to the 
size of the rocket, even if the entire pay load is sac- 
rificed. A rocket capable of traveling at three times 
the velocity of its jet would have to consist of 95 per 
cent fuel by weight. This obviously would not be a 
practical weapon. 

This is only part of the story, however, for in addi- 
tion to the loss due to air resistance, a rocket has to 
expend fuel to support itself against the force of 
gravity. This fuel could otherwise have been used to 
increase the final velocity of the rocket; so, when one 
considers the two losses, plus the actual velocity, the 
theoretical velocity is as shown below: 


Miles per Hour 


Air Resistance Loss 1,000 
Gravitational Loss 1,100 
Actual Velocity 8,400 

Theoretical Velocity 5,500 


If launched from the top of a mountain, a very long- 
range rocket would gain considerably in velocity, for 
the density of air is cut in half at an altitude of four 
miles, and the air resistance would be lessened. Then, 
too, higher accelerations would be possible with a 
consequent reduction of gravitational loss. Obviously, 
this point has definite strategic implications. 

The range of a rocket depends upon its velocity at 
the instant that its fuel is burned up, for from that 
moment on, it takes on the characteristics of a normal 
projectile. If a rocket attained a speed of five miles a 
second (18,000 miles per hour), it would have infinite 
range, inasmuch as it would never return to the earth. 
Such high speeds are, however, unnecessary, for sci- 
ence has proven that the range of a rocket can be in- 
creased greatly by the use of wings which come into 
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play at the end of the free trajectory and enable the 
rocket to enter a high-speed glide. The German A-9 
was to have an 800-mile trajectory (as an upper step 
of the A-10), after which it entered its glide at 8,000 
miles per hour and so achieved a total range of 3,00 
miles. Speeds of four miles per second (14,400 miles 
per hour) would suffice for the greatest possible ter- 
restrial ranges, and such speeds can be obtained by 
step rockets, launched from high altitudes. 


Rockets Applied to Warfare 


Rockets of the short-range class have already 
played an important role in war, particularly when 
they were used by aircraft for ship and ground attack, 
They produce no recoil and require only very light 
launching equipment. Therefore, a large number of 
projectors may be concentrated in one spot, lay down 
a short-range barrage of an intensity impossible to 
secure by other means, and then be quickly moved to 
a new location. Examples of this employment in- 
cluded the “Katushka” rocket barrages of the Russians 
at Stalingrad, and later uses by our own forces in at- 
tacks or amphibious landings. In this method of em- 
ployment, the short range and inaccuracy of the 
weapon are not too important, for area coverage is 
desirable, and if barrages are ever used in future wars 
they probably will be provided by rockets rather than 
by the standard types of artillery. 

The lack of recoil has made possible the design of 
weapons with great fire power which can be operated 
by a very small crew or even by a single man. The 
bazooka is an example and it may have marked the 
beginning of the end for tank warfare. A few infan- 
trymen equipped with the latest improved rocket 
weapon can now destroy the largest tank, and one 
must bear in mind that while the bazooka is only in 
the beginning of its development stages, the amount 
of armor plate that a tank can carry appears to be 
approaching its limit. 

The rocket mine appears to have great possibilities 
as a particularly effective antitank weapon with the 
invention of a short launching platform buried verti- 
cally in the ground and, although more difficult to 
install than a normal antitank mine, would be much 
more effective against armored vehicles. 

Air-borne rockets have already radically affected 
aircraft fire power and there is no reason to believe 
that the progress will not continue. For example, the 
largest gun installed in an airplane so far was the 75 
millimeter. It weighed 760 pounds and fired a 15- 
pound shell containing only 1.5 pounds of high explo- 
sive. Suppose that this 760-pound gun was replaced 
by 12 rockets weighing 60 pounds each. Such a 
replacement would not only provide for greater 
destructive power but also would not reduce the air- 
plane’s performance by the dead weight of the gun. 
Authorities have admitted that the fire power of a 
rocket-carrying fighter equals that of a six-inch gun 
cruiser, and there is no limit to the size of projectile 
as long as the airplane can lift it off the ground. Air- 
planes fitted with such weapons may well have the 
capability of preventing the movement of armored 
units unless the latter are protected by air cover. 

(Continued on page 220) 
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Living in an Atom-Bomb World 


What We Have Most to Fear Is Not Any New Means of 


Destruction, but Simply Ourselves. The Atom Bomb 


atom bomb was put together by those scientists 

who made it, they unanimously agreed to peti- 
tion the President of the United States not to use it as 
a destructive weapon. They strongly urged that the 
Japanese Government should be informed of its exist- 
ence and that the United States Government would 
be willing to release it over any uninhabited Japa- 
nese territory specified by the Japanese Government. 
For reasons best known to himself, the President de- 
clined to act upon this suggestion, and the world wit- 
nessed the spectacle of a civilized nation taking upon 
itself the moral responsibility of destroying two Japa- 
nese cities, and killing and maiming several hundred 
thousand human beings. 

That any other nation would have done the same 
may, or may not, be true. Certainly no nation that has 
been Westernized to an appreciable extent would 
have desisted. Western man has become so calloused 
to the meaning of life that he has virtually lost respect 
for it. Some men even talk of wars less intelligently 
than they do of the common cold. To avoid the latter, 
they will take some precautions; but to avoid the for- 
mer, they do nothing. They blandly believe that wars 
are inevitable, that wars are as natural as fighting be- 
tween animals, that the impulse to make war is in- 
born, and that there is nothing to be done about it. 
Nothing could be further from the truth. Wars are 
fought for artificial reasons and arise from artificial 
causes. They are fought with artificial devices, and 
they are as stupid as they are unnatural. 

Man is, by nature, a peace-loving creature. It is 
through education, by the processes which are borne 


(5 temo unknown is the fact that when the 


‘in upon him in the course of his transformation into a 


human being, that he becomes aggressive and sympa- 
thetic to any and all belligerent invitations which are 
extended to him. The Eskimos do not understand the 
meaning of war; neither do the Australian aborigines; 
nor do the nonliterate peoples of Siberia — the 
Chuckchi, the Yokut. All of these peoples are charac- 
terized by cultures in which the idea of war is nonex- 
istent. War is simply not one of the ways in which 
these people solve problems which Western nations 
are accustomed to put to the arbitrament of war. 

If we do not solve the problem of the atom bomb, 
these people might well survive us. The atom bomb 
will not see the end of the human species. We can be 
quite sure about that. But do we want the atom bomb 
to be the end of our civilization? Of ourselves? Of our 
posterity? It is not sensible to answer, “We do not,” for 
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what we wish, and hope, and believe is not what we 
say, but what we do. If we are to evaluate the answer 
in terms of what we do, rather than what we say, the 
logical conclusion is that we do wish to see the end of 
ourselves, and of our children and their children. 

Most people have been frightened by the atom 
bomb; it might be dropped on them. They are not, 
however, averse to dropping it on others. As long as 
people continue to think and act in that way, there 
can be no hope whatever that we shall be spared the 
treatment we accord to others. 

What we have most to fear is not any new means of 
destruction, but simply ourselves. The atom bomb is 
just another instrument of mass destruction. We, who 
created it, can outlaw it, or at least we could so long as 
we were the sole possessor. But that will do us little 
good until it is possible to outlaw that thinking which 
makes it possible to use such destructive instruments 
against our fellow men. So long as anyone maintains 
overt or covert hostility toward human beings be- 
cause they are in some way different, war and de- 
structive weapons will be employed. 

So long as we continue to think that we are in com- 
petition with other human beings, we shall continue 
to compete with them. Friendly competition may act 
as a spur or stimulant, but hostile competition too of- 
ten leads to the use of force. So believing in the use of 
force, we shall segregate potential competitors when- 
ever we can, so that they may be handicapped in the 
race with us. 


A Living Brotherhood 


Mouthing beautiful Christian sentiments about lov- 
ing others as ourselves and of brotherly love, we shall 
discriminate against others because they are of an- 
other skin color, or religion, or culture, or nation. We 
shall oppress, coerce and exploit, fear and hate, and 
these things shall become so habitual to us that we 
shall scarcely, if ever, be aware of our crimes against 
our fellows. To prevent the danger of becoming con- 
scious of such things, we shall build up a system of 
rationalization about the inferiorities of other peoples 
and convert our prejudices into laws of nature, which 
have but to be taken for granted to be lived with a 
more or less easy conscience. So to live is to live ever 
nearer the brink of inevitable disaster. There is only 
one thing that can save us, and that is to stop talking 
about brotherhood and to live it. 

“No man is an Iland, intire of it selfe; every man is a 
peece of the Continent, a part of the maine; if a Clod 








bee washed away by the Sea, Europe is the lesse, as 
well as if a Promontorie were, as well as if a Mannor 
of thy friends or of thine owne were; any mans death 
diminishes me, because I am involved in Mankinde; 
And therefore never send to know for whom the bell 
tolls; It tolls for thee.” 

Written in 1624, John Donne’s beautiful words ex- 
press the eternal truth by which men must live if they 
are ever to live happily together. Whether anyone 
likes it or not, one world is today already a functional 
reality. The voice of man can travel to any part of 
the earth within a fraction of a second. Communica- 
tion on the physical plane is now possible between all 
the peoples of the earth, and most human beings want 
to communicate with us, not only physically, but so- 
cially. They want us to be as actively interested in 
them as human beings as they are interested in us. 
They want to learn from us, and they want us to help 
them, as many of them have taught and helped us. 

To us, who are so sophisticated, the nonliterate peo- 
ples appear as humble and rather undeveloped 
members of the human family. Yet, humble and tech- 
nologically undeveloped as they may be, they are of- 
ten the bearers of spiritual riches and ways of life 
from which we could both learn and gain much. 

We of the Western world have been too vain and 
egotistical, too prideful and patronizing to notice the 
riches which those, whom we had condemned to an 
inferior status, had to offer. We have already brought 
the atom bomb to the peace-loving people of the Bi- 
kini atoll. We have made their immemorial home un- 
inhabitable, and not one of us protested against this 
outrage. We believed that the atom bomb had to be 
tested, and we blandly consented. The people of Bi- 
kini had solved the problem of living together. We 
haven't. The problem of living in the modern world 
will have to be solved by the peoples of the Western 
world — the peoples, in effect, who created the atom 
bomb. 

As James F. Byrnes, former Secretary of State, has 
put it: “We live in one world, and in this atomic age 
regional isolationism is even more dangerous than is 
national isolationism. . . . Today the world must take 
its choice. There must be one world for all of us or 
there will be no world for any of us.” 

Indeed, as the Federation of American Scientists 
has declared, no nation can, in this new age, feel se- 
cure until the problem of the control of atomic power 
is solved on a world level. That solution can only be a 
moral and political one. It is a solution which cannot 
come from one people, one nation, but must come 
from all peoples, all nations; and, the solution can and 
must come in the same manner as the bomb was cre- 
ated, that is, by co-operation between nations. It was 
the work of Mendelyeev, a Russian; of Thompson, 
Rutherford, and Chadwick, Englishmen; Einstein 
and Hahn, Germans; Bohr, Norwegian; Meitner, 
Austrian; the Curies and Joliot-Curies, Poles and 
Frenchmen and women; Fermi, Italian; Anderson, 
American; and Yukawa, Japanese, which made the 
atom bomb possible. 

By putting together the ideas developed, and the 
discoveries made, by all these scientists, the atom 
bomb was produced. Why can’t we put the ideas and 
discoveries for the maintenance of man’s life in peace 


and universal amity to work in the same way? The an- 
swer is that we can and must. Another war will mean 
the suicide of Western man. The destiny of Western 
man is being decided now, at this moment, by each 
and every one of us. Each of us, as a citizen, is a pos- 
sessor of great potential power. Each of us can play a 
most important part in seeing to it that the the right 
decision is made about the atom bomb. 

It should have been obvious all along that atomic 
“secrets” could not be kept for more than a few years 
by any nation or small group of nations, and that there 
can be no assurance that peace will be maintained as 
long as any nation has the sovereign right to decide 
questions of war and peace for itself. Peace is not 
merely the absence of war but the presence of justice, 
law, order — in short, of government. 


A World Law 


World peace can be created and maintained only 
under world law, universal and strong enough to es- 
tablish justice and prevent armed conflict between 
nations. The only way by which a people can assure 
its survival and preserve its liberties is to unite with 
other peoples for the creation of a world government 
to which shall be delegated the powers necessary to 
maintain the general peace of the world based on law 
and justice. 

As now constituted, the United Nations is a league 
of sovereign states bound together by treaty, not by 
world law. As such, it is not a world government and, 
therefore, cannot by law prevent armed conflict be- 
tween nations and establish justice and security. Nev- 
ertheless, it is the greatest step yet taken by mankind 
toward world peace. Since the charter provides for 
amendments, every effort should be made to trans- 
form the United Nations into a world government. 

Such objectives cannot be reached overnight; but, 
despite all difficulties, these objectives can, nay must, 
be accomplished. We must help build support for 
world government, and we must start now. The time 
is short. We must convince our friends, and get them 
to convince theirs, of the urgency and manner in 
which they may work to make world government a 
reality. In the first place, we must become clearly 
aware of the issues involved, and these may be sum- 
marized as follows: 


(a) There is absolutely no defense against the atom } 
bomb. 

(b) No system of inspection could prevent its secret 
manufacture. 

(c) No law-enforcing authority could prevent its secret 
manufacture. 


It is only by the creation of a concert of nations, all 
of whom will work in harmony with one another in a 
common world government, that any nation can be 
assured against the use of the atom bomb. To this end, 
therefore, it should be sought to introduce the follow- 
ing proposals to the United Nations: 


1, That the United Nations be transformed from a 
league of sovereign states into a government de- 
riving its specific powers from the peoples of the 
world; 


(Continued on page 228) 
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The Delayed Invention 


An Idea Endorsed by Hundreds of Engineers Has Never 


Been — and Possibly Never May Be — Built. 


So Arises the Question, “‘Why Not?” 


BY WILLY LEY 


ISTORICALLY the next 10 years may still prove me 
wrong about the theme of this article. If so, I'll 
be delighted. But if history doesn’t prove me 

wrong, chroniclers of 2050 A.D. will write that there 
was a marvelous invention around during the first half 
of the Twentieth Century, but that this invention was 
not realized because there was no need for it. Or 
rather, yes, there was a need for it but it was not built 
because it wasn’t quite practical. No, to be precise, it 
was practical and there was need for it, but the neces- 
sary capital was lacking. Even that isn’t quite correct. 
Capital was available and would have been — oh, well, 
the invention just didn’t happen to come off. I am 
speaking about the idea of the floating airport or sea- 
drome, an artificial landing place for aircraft, dis- 
cussed in numberless articles and made into a movie 
called FP-1 Doesn’t Answer. 

The idea originated very soon after World War I. 
The war had ended and international commerce 
could start over again. The most important single in- 
ternational traffic and tourist lane was the London- 
New York run. The existing large ocean liners which 
had survived the war were more or less obsolescent. 
Airplanes, on the other hand, had ceased to be merely 
experimental. It would be nice to open a transatlantic 


air line, but the drawback was that airplanes could 
not yet fly the Atlantic. If only there were a few 
islands in the proper places, and at the proper dis- 
tances from each other. 

At that point somebody thought of a solution: why 
not build such islands? No real islands, of course; 
that would be impossible in a depth of water of never 
less than a mile and usually around two miles. But 
floating islands, places where an airplane could land 
and re-fuel, or wait out a period of bad weather, were 
possible. Partly because the Swiss-German firm of 
Dornier had just started building a successful line of 
flying boats at that time, and partly because ocean 
flying loomed important at the time, the first design 
for such a floating seadrome was tailored to fit the 
needs of flying boats. 

It was to be a horseshoe-shaped steel structure, clad 
with thin armor plate, about 850 feet long and 400 
feet across at the widest part. Such a structure, se- 
cured in position by sea anchors reaching down into 
layers of the ocean where there are neither waves 
nor currents, would always head into the wind and 
would create a large and quiet lagoon for flying 
boats and pontoon airplanes. The two “legs” of the 
horseshoe could also serve as runways for smaller 
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Among the earliest designs of seadromes to facilitate transoceanic flying was the type of floating island pictured above, providing 
a lagoon for flying boats and pontoon airplanes, and runways for smaller craft. 
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airplanes. There were to be a repair shop, a few 
hangars, a radio station, a hotel, and even two ocean- 
going tugs to tow in flying boats which might have 
made emergency landings. It made exciting and im- 
pressive pictures and while there was no doubt about 
the usefulness of such structures, naval engineers be- 
gan to wonder about the problem of building one. 

A more or less solid horseshoe of such size would 
be endangered by wave action. It would have to be 
both rigid and flexible at the same time. There was 
virtually no experience with such a design. And it 
would cost a lot of cash, especially since one such 
seadrome would be of little use; about half a dozen 
were needed for the aircraft of that time. 

After some discussion the design was quietly filed 
away, pending improved aircraft on the one hand, 
and a better seadrome design on the other. Nor did 
an attempt at saving the idea do much good. That at- 
tempt consisted in preserving the feature of the quiet 
lagoon without subjecting the seadrome itself to 
wave-action stresses. It was “an arrow in a circle.” 
The arrow was just a long and fairly narrow plat- 
form, held in position by a sea anchor and turning 
always, it was hoped, into the wind. The circle, more 
than 2,000 feet in diameter, was to consist of a 
number of concrete pontoons. That ring of heavy 
pontoons would stop the waves and create the lagoon; 
the center arrow was to be a runway for land-based 
aircraft. 

There followed about five years of silence, as far 
as the problem of the seadrome was concerned. Dur- 
ing those five years aircraft grew better and better. 
And then, in 1928-1929, came the “Armstrong Sea- 
drome,” named after its designer, the American engi- 
neer, Edward R. Armstrong. It aroused a storm of 
interest and found widespread approval. The French- 
man, Louis Blériot, one of the pioneers of aviation 
and the first man to fly the English Channel in an 
airplane of his own design, expressed himself as being 
enthusiastically in favor of floating seadromes in 
general and of Armstrong's type in particular. The 
late President Roosevelt, too, said on more than one 
occasion that he was intrigued by the idea. 

Edward R. Armstrong carefully avoided the flaws 
of the earlier suggestions. His proposal is so impres- 
sive because it is truly a “design” —a plan that has 
been worked over, and through, from top to bottom 


by a number of engineers. In fact, other ine 
firms were called in for detail, such as the design an 
construction of the anchor for the whole structure. 
Reflecting advances made in aviation in the mean- 
time, the Armstrong seadrome was designed for 
land-based aircraft. It was essentially a gigantic plat- 
form, 1,400 feet long and over 350 feet wide, raised 
100 feet above the surface of the ocean — 380 feet 
higher than the highest wave ever recorded. The 
platform, of course, corresponded to a whole floor, 
and underneath the flight deck there would be han- 
gars, repair shops, kitchens, laundries, dining and 
recreation rooms, crew quarters, and hotel rooms; in 
short, a complete airport and a hotel were to be in- 
cluded in the structure. 

The platform was to stand on a large number of 
hollow “legs,” reaching down into the water and 
then widening out into buoyant chambers below the 
level of wave activity. Naturally the buoyant cham- 
bers were to be accessible through the legs them- 
selves and some of them could be used as storage 
space. Because the waves could pass in between, and 
around, those legs, the seadrome as a whole would 
not be influenced by the waves. Unlike an aircraft 
carrier, the seadrome would be perfectly stable even 
in high seas. And while the flight deck might be wind- 
swept in bad weather, it would not even get wet 
unless it happened to be raining. 

The whole seadrome was to be anchored to the 
bottom of the sea, but not directly. The anchor 
which had been designed was to be a gigantic mush- 
room anchor, buoyant enough to float at first (for 
towing into place) and containing the wire rope. 
When in position the buoyancy chambers of the 
anchor would be flooded, one by one, in succession; 
the wire rope would pay out simultaneously from 
the anchor. But when the anchor rested on the ground 
the wire rope would not lead up to the seadrome, 
but to a smaller triangular structure of similar de- 
sign. This rope buoy, floating almost vertically above 
the anchor, was then to serve as a surface anchor 
for the seadrome. 

Now it has been said that engineers and business- 
men don’t ask the same questions: The engineers 
want to know whether it will work; the businessmen, 
whether it will pay. The engineers needed little con- 
vincing as far as the Armstrong seadrome was con- 
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Almost a quarter century 
ago, Edward R. Arm- 
strong proposed the type 
of seadrome shown on the 
opposite page. To make 
transatlantic flying safe, 
three such seadromes 
were to be anchored 
along a great circle route 
from New York to Lon- 
don, as shown in the map 
at the right. The Arm- 
strong seadrome was de- 
— to have its ane 
platform well protecte 

against even the largest 

waves. 
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cerned. One could ask for more specific information 
on specific points, but it was clear from the outset 
that the seadrome would be able to do what it was 
supposed to do. The waves would hardly influence 
it, the anchor had only to hold it against wind and 
current, and Armstrong had all the figures ready. The 
businessmen were somewhat harder to convince. It 
was possible to figure the probable construction costs 
for three such seadromes. (It has to be mentioned 
here that maximum economy was likely to result 
from three such stopover points: Less than three 
would not increase the pay load enough; more than 
three would cost too much.) But when it came to 
figuring airplane pay loads and so on, a specific type 
of airplane had to be assumed. Among my papers of 
several years ago there are cost calculations based on 
the then new DC-3, and one cannot help but smile 
at these figures now. Who would have the courage 
to cross the Atlantic in a DC-3 of that vintage? 

Still, the project made fast progress for a while. A 
scale model (one 32d of an inch to the inch) was 
built and much photographed. A few sections were 
built on a larger scale and tested. But then the idea 
seems to have just petered out. Maybe the slow but 
sure approach of World War II had something to do 
with it. But a few such seadromes would have been 
useful when the war actually came. They would have 
been fairly invulnerable strong points in the ocean, 
as they would have been able to defend themselves 
against air attack by means of their own airplanes, 
and been able to fight off smaller surface craft by 
means of guns which could have been mounted there 
(a steady firing platform at sea!). Also, they could 
not have been damaged by submarine attack. The 
seadrome could have been sunk by a submarine only 
by torpedoing most of the legs on one side separately. 
In short, nothing could have touched it, except pos- 
sibly a full-fledged battleship like the Bismarck, 
mounted with heavy naval rifles. 

When the war really came the absence of sea- 
dromes was generally regretted, and a number of 
naval engineers began to wonder whether it might 
be possible to create one in a hurry. One of these 
suggestions was simple, but it may be significant that 
Navy authorities permitted it to be published while 
the war was going on. On the other hand, it would 
not have helped the Germans much to know about 
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M.L.T. Illustration Service 
it, because except for sabotage in the dockyard there 
would have been little they could have done about it. 
It was simply a very large compartmented concrete 
“brick” (with 10-foot thick outer walls) which mea- 
sured 1,500 feet long, 500 feet wide, and 120 feet 
thick. Inside, it was to be compartmented into 750 
watertight cubbyholes (each considerably bigger 
than a large living room) by means of re-enforced 
concrete walls a foot thick. Considering that the 
average waves of an Atlantic storm are almost never 
higher than 10 feet, it was planned that this brick 
would float with its topside 40 feet above sea level. 

In spite of the enormous size of this brick, it could 
have been towed into place without too much 
trouble. Even a very large mass can be moved by 
comparatively small tugboats provided that fast 
movement is not a prerequisite. Since this is an im- 
portant point with regard to any kind of seadrome, 
let us consider a few figures. 

In the 1930's, large log rafts were towed along the 
Pacific Coast from Seattle to San Diego. These rafts, 
held together in a primitive manner by chains, 
weighed more than 15,000 tons, were over 1,000 feet 
long, some 60 feet wide, and drew 26 feet of water. 
The power required for moving in any weather was 
one tug with a 1,000-horsepower engine! This tow- 
ing job was not done once, but 118 times. Of the 118 
rafts which left Seattle, 115 reached San Diego. Two 
broke up en route, and the third, unbelievable as it 
may seem, caught fire. The reason why this could be 
done with only 1,000 horsepower was that every- 
body was satisfied with an approximate five miles 
per hour. Marine experts can explain with a few 
simple figures what happens (they do have the com- 
plete formulas, too, of course) and these figures say 
that between one mile per hour and about nine miles 
per hour approximately 90 per cent of the resistance 
is just skin friction which increases with the square 
of the speed. If 1,000 horsepower will tow something 
at three miles per hour, 4,000 horsepower would be 
needed if you want six miles per hour. But above 
nine miles per hour the wave action enters into the 
equation, and the power required becomes as the 
cube of the speed up to about 14 miles per hour. And 
above 14 miles per hour the power required is as the 
fourth power of the speed. This explains why the 
Queen Elizabeth needs 80,000 horsepower for 24 














knots, while the Lexington, for a record-breaking 
one-hour run which produced 34.5 knots, had to de- 
velop 210,000 horsepower. 

In short, if you are willing to move something 
slowly in water, you can move almost anything with 
a ferryboat engine. This means, in turn, that a sea- 
drome could do without any anchor at all. After it 
has been towed into place, it can maintain its posi- 
tion against wind and currents by its inherent power 
—of which there doesn’t need to be much. On the 
route advocated by Armstrong, the fastest ocean cur- 
rent amounts to one and five-tenths miles per hour; 
if the wind should blow in the same direction, the 
seadrome would have to develop some five miles per 
hour to stay in one place. 

But I am not finished with wartime projects yet. 
The large concrete brick was released for publica- 
tion, but another one was acted upon, and kept so 
secret that it created a big surprise to everyone when 
it was published after World War II. At least 8,000 
Navy officers of assorted ranks swore that this was 
a hoax, because, if it were true, “I would have known 
about it.” But “Project Habakkuk,” as it was known at 
the time, wasn’t a hoax. 

Habakkuk was, or would have been if built, an 
artificial iceberg, some 2,000 feet long, 300 feet wide, 
and 200 feet deep. It would have been a tenuous 
structure if lifted out of the water, consisting of big- 
ger girders holding smaller girders and the smaller 
girders, in turn, holding piping and refrigeration ele- 
ments. If dipped into cold Canadian water with the 
power on, all the empty spaces would have filled up 
with nice solid ice. Once frozen, it would have been 
very resistant against melting even in warmer waters; 
the refrigeration elements could have kept it solid 
without much fuel expenditure. 

Built in the general shape of a ship, Habakkuk was 
to have a large, flat flight deck for airplanes and lots 
of antiaircraft batteries scattered over its front sec- 
tion. (I feel hesitant to use nautical terms when it 
comes to an iceberg.) Six engine nacelles were to 
stick out from its sides, providing power of move- 
ment on the order of five to six miles per hour. The 
airplanes on the flight deck were to be submarine- 
hunting attack bombers; they were not meant to de- 
fend Habakkuk. The defense was up to the antiair- 
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craft batteries which would fight off any attempt of 
landing on it. Physical seizure would have been the 
only way in which the Germans could have neutra- 
lized Habakkuk. Shelling or bombing an iceberg 
doesn’t do much good; I spoke to a Navy commander 
who had been in antarctic waters where they had used 
a natural iceberg for target practice with six-inch 
guns. He asserted that every six incher knocked off 
about enough ice for a round of drinks, provided that 
the drinking party was small. The studies made about 
Habakkuk must have progressed to about the point 
where construction could have been started because 
there exists a cost estimate saying that $70,000,000 
would do it. But by then other methods of submarine 
hunting had proved successful enough so that there 
was no need for Habakkuk to materialize. 

The facts of life are, as of 1950, that no seadrome of 
any description exists. At the same time several trans- 
atlantic air lines are going full blast, refuting Blériot’s 
statement that the purpose of a seadrome is not to 
make transatlantic flying possible, but to make it 
profitable. The transatlantic lines, in fact, seem to 
operate with less red ink than the others. Just to get 
an idea about pay loads, fuel reserves, and so on, I 
queried an air line which operated the same type of 
airplane (DC-4 at that time) on the New York- 
London run (with two stops at Newfoundland and 
Ireland) and on the New York-Los Angeles run. The 
latter makes more stops (Washington, D.C.; Nash- 
ville, Tenn.; Little Rock, Ark.; Fort Worth, Texas; 
and El Paso, Texas) but the figures for fuel and pay 
load read almost the same in both cases. 

All of which means that the air lines don’t need 
seadromes. Whether a seadrome would pay, if oper- 
ated essentially as a novel kind of resort hotel with 
some incidental air-line patronage, is a different 
question. Military considerations are another and 
very different question. Recently the Coast Guard 
brought up still another point of view. The Coast 
Guard operates units similar to meteorological sta- 
tions at sea and uses its ships for the purpose. To 
maintain one such “station” the Coast Guard needs 
three vessels with a crew of 120 officers and men each. 
A small seadrome, estimated to cost $6,000,000, 
could operate with a crew of 80 officers and men and 

(Concluded on page 230) 








on nn 


2000" 




















{ During World War II, a 
floating “brick” of re-en- 
forced concrete was pro- 
= —] posed as a means of 
quickly establishing trans- 
cated atlantic seadromes. 








The most startling of 
all seadrome projects was 
the artificial iceberg 
shown here for use in 
Arctic regions. It was 200 
feet high overall, and 
consisted of pipes and 
refrigerating elements in 
a structure generally re- 
sembling a hi . It might 
have been built at a cost 

of $70,000,000. 
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On the Lot 


MONG recent changes in Faculty personnel an- 
nounced by James R. Killian, Jr., ‘26, President 


of the Institute, are the appointments of an as- 
sistant professor and an assistant on student place- 
ment. In addition, Dard Hunter has been reappointed 
as head of the Dard Hunter Paper Museum. The 
present assistant crew coach, Charles O. Jackson, has 
been named assistant on Student Placement. 

Thomas H. Pigford, ’48, has been appointed assist- 
ant professor of chemical engineering and director of 
the Oak Ridge Engineering Practice School, effective 
on February 1. Following his graduation from the 
Georgia School of Technology in 1943, Professor Pig- 
ford served in the United States Navy as technical 
electronics officer. He became an assistant in the De- 
partment of Chemical Engineering at M.I.T. in 1943, 
an instructor in 1947, and in the same year became 
assistant director of the Parlin Station. He held the 
Humble Oil and Refining Company fellowship in 
chemistry during 1948. 

Dard Hunter, whose retirement as curator of the 
Dard Hunter Paper Museum took effect last June, has 
been reappointed as honorary curator. As soon as the 
necessary construction work can be completed, the 
Dard Hunter Paper Museum will be moved from its 
present location in the Rogers Building to new quar- 
ters in the Charles Hayden Memorial Library. The 
new location, in close proximity to other facilities for 
study in the graphic arts, music, and other phases of 
the humanities, will enable Dr. Hunter, outstanding 
authority on hand papermaking processes, to extend 
the services and facilities of one of the most instruc- 
tive and interesting of the several museums main- 
tained at the Institute. 

Also announced were the supplementary appoint- 
ments of Professor John R. Markham, ’18, of the De- 
partment of Aeronautical Engineering, to be director 
of the Naval Supersonic Laboratory at M.I.T.; and 
George B. Thomas, Jr., Assistant Professor of Mathe- 
matics, to be executive officer in the Department of 
Mathematics, effective on February 1. 


Dean of Architecture Resigns 


je resignation of William W. Wurster as Dean of 
Architecture and Planning in the School of Archi- 
tecture, effective early in 1950, has been announced 
by President Killian. 

Dean Wurster, who has been at M.I.T. since 1944, 
will return to California to continue active practice 
with the architectural firm of Wurster, Bernardi and 
Emmons in San Francisco. He will also serve as dean 
of the School of Architecture and professor of archi- 
tecture on the Berkeley campus of the University of 
California. 
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Among some of his outstanding works have been 
the Valencia Gardens Housing Project in San Fran- 
cisco for the United States Housing Authority, in as- 
sociation with Harry A. Thomsen, Jr.; the Yerba 
Buena Club on Treasure Island during the 1939 San 
Francisco Exposition; and Stern Hall, a women’s resi- 
dence hall on the University of California campus in 
association with Corbett and MacMurray of New 
York. In addition, Dean Wurster has designed several 
hundred homes in the San Francisco Bay region. 


For Industrial Research 


epee. grants-in-aid totaling $1,150,000 have 
been made to the Institute in recent months. In 
making this announcement, President Killian stated 
that the grants included $250,000 each from the 
United Fruit Company of Boston, the Cities Service 
Research and Development Company of New York, 
the Standard Oil Company of California, and Socony- 
Vacuum Laboratories, a division of Socony-Vacuum 
Oil Company, Inc. of New York; and $50,000 each 
from the A. O. Smith Corporation of Milwaukee, the 
Phelps Dodge Corporation of New York, and from an 
unnamed Massachusetts corporatian. All of these 
grants assist M.I.T.’s current $20,000,000 Develop- 
ment Program of education. 

The United Fruit Company’s grant is earmarked 
for investment with endowment and other funds. In- 
come from this grant is to be allocated each year 
to fields jointly selected by the United Fruit Company 
and by the Institute. 

The grant of the Cities Service Research and De- 
velopment Company is to be applied to research and 
development work in the fields of nuclear physics and 
chemistry, mechanical engineering, and chemistry 
and chemical engineering. 

A substantial part of the grant from the Standard 
Oil Company of California is to be applied to chemi- 
cal engineering and chemistry, nuclear science and 
engineering, and research projects in lubrication, fric- 
tion, and wear and corrosion. 

The Socony-Vacuum grant is to be used for both 
education and research in such fields as nuclear power, 
combustion, heat transfer, spectrochemical analysis, 
lubrication, corrosion, and friction and wear. The 
grant is payable annually in the sum of $50,000 over a 
period of five years. 

The grant from the A. O. Smith Corporation is to be 
applied to fundamental research in the Institute's ex- 
tensive metals-processing program. The total grant is 
payable at the rate of $10,000 per year for the next five 

ears. 
‘ The Phelps Dodge Corporation grant-in-aid was 
made to help fulfill the M.L-T. program of preparing 
men equipped with a sound knowledge of recent de- 
velopments in metallurgy and metal fabrication. 




























Predicting Flight Performance 


# goraneye at the Institute is a new machine de- 
signed to check flight characteristics and control 
equipment of an aircraft prior to construction of the 
craft. On this elaborate and sensitive calculator, 
known as the flight simulator, engineers will be able 
to set up an electrical model of any aircraft which is 
in an advanced stage of design, and then apply an ac- 
tual autopilot to fly this nonexistent, theoretical craft. 

The autopilot, which may be the “muscle” of either 
a guiding mechanism for a guided missile, or an auto- 
matic pilot for a more conventional airplane, then has 
exactly the same problem that it would have in the ac- 
tual flight of the missile or airplane were the proto- 
type built. Thus, the simulator is able to conduct a 
test flight of an aircraft in the design stage; it is de- 
signed to simulate those conditions under which an 
aircraft can operate. 

A combination of intricate electronic and mechani- 
cal equipment, the flight simulator represents the re- 
sults of a co-operative project involving more than 50 
engineers and nearly three years’ work. It was built 
under the auspices of the United States Navy Bureau 
of Ordnance in the M.I.T. Dynamic Analysis and Con- 
trol Laboratory, of which Albert C. Hall, ’37, Associ- 
ate Professor of Electrical Engineering, is director. 

Because it enables engineers to study some of the 
flight characteristics of any given design before con- 
struction is begun, the simulator can save much of the 
cost and time of flight testing and should help in im- 
proving aircraft design. It requires only flight charac- 
teristics obtained from working plans and carefully 
measured data from wind-tunnel tests of a model of 
the proposed craft. If, for instance, aircraft perfor- 
mance on the flight simulator is not satisfactory, the 
wing and tail designs of the electrical model may be 
changed by simple adjustments of the simulator con- 
trols until the desired behavior is obtained. Suitable 


M.I.T. Photos 


Left: The flight simulator at the 
Institute is operated from the 
control panel at which Albert C. 
Hall, ’37, Associate Professor of 
Electrical Engineering and Di- 
rector of the Dynamic Analysis 
and Control Laboratory, stands. 
The gimbal frame responds to 
the various posse given 
from this board to the theoreti- 
cal aircraft whose characteristics 
have been given to the machine. 
Below: Engineers set up certain 
characteristics of an _ aircraft 
for a flight performance check. 






changes can then be incorporated in the plans before 
the actual airplane is built. 

Thus, in an age when airplanes are called upon to 
fly faster and farther, this machine is expected to save 
valuable development time by making available, prior 
to construction, much information hitherto obtained 
through experimental flights. 

“The fundamental purpose of this machine,” Dr. 
Hall explained, “is to permit the development of high- 
speed aircraft with a reduction in the time, expense, 
and number of conventional flight tests.” 

The flight simulator involves the use of intricate 
computing machines and a flight table on which ac- 
tual problems relating to flight stability are worked 
out. The table is an arrangement of gimbals, delicately 
suspended so that they can incline freely in any direc- 
tion and supported on an independent foundation so 
that there will be no vibration. 

The gimbal frame, which is operated by very 
high-speed hydraulic servomechanisms (automatic 
controlling instruments which carry out motions in ac- 
cordance with electrically transmitted commands) is 
used to orient the automatic control system of an air- 
plane or missile just as it would be tested in actual 
flight. The gimbal frame table rolls, pitches, and goes 
through all the motions the airplane would make in 
the air under stated conditions. Although the motions 
of the gimbal frame table, and thus the actions of the 
hypothetical airplane or rocket in flight, are recorded 
on charts, the visual study of the gyrations is of high- 
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est consequence, too. This is an important way of gain- 
ing information, and these visual findings of the 
engineer can later be checked with the mathematical 
record. 

A problem is worked out on the apparatus by setting 
electronic computor dials that represent the various 
important characteristics of the aircraft to be stud- 
ied — weight, velocity, altitude, wing span, and many 
others. Before the simulator can be used, many of 
these characteristics must be obtained from wind- 
tunnel tests of small models of the proposed aircraft. 
Then the question is fed into the simulator by apply- 
ing appropriate electrical — through a control 
board. The answer is returned on a chart on a record- 
ing apparatus in a matter of seconds. 

This computer, one of several types of such high- 
speed mathematical machines at M.L.T., adds, multi- 
plies, integrates, and subtracts at almost unbelievable 
speed. For example, a computation which would take 
an able operator 100 hours to carry out by hand is 
handled by the computer in 10 seconds, and much 
more elaborate problems can also be handled in a mat- 
ter of only minutes. 

Among the M.LT. scientists contributing to the re- 
sult, John F. Blackburn, of the Division of Industrial 
Coéperation, developed the automatic controls and 
supervised the mechanical design of the gimbal frame; 
Emery St. George, Jr., '43, of the Division of Industrial 
Coéperation, developed instruments and electronic 
components; Charles M. Edwards, ’40, also of the Di- 
vision of Industrial Codperation, designed and devel- 
oped the electrical computer; and Thomas F. Jones, 
Jr., ’40, Assistant Professor of Electrical Engineering, 
was in charge of simulator operation. 


Frank B. Jewett: 1879-1949 


yes B. Jewett, ‘03, life member of the M.LT. 
Corporation, died in Summit, N.J., on November 
18, 1949, after a brief illness. He was a former presi- 
dent of the National Academy of Sciences, and a fel- 
low and past president of the American Institute of 
Electrical Engineers. 

Born in Pasadena, Calif., on September 5, 1879, Dr. 
Jewett received his A.B. degree from Throop Poly- 
technic Institute (now California Institute of Tech- 
nology) in 1898 and four years later received a Ph.D. 
degree from the University of Chicago. He was an in- 
structor in physics in 1903-1904, and a lecturer in 
1905-1907 at M.I.T., during which time he took gradu- 
ate studies at the Institute. In 1904, Dr. Jewett joined 
the American Telephone and Telegraph Company 
and throughout the rest of his life was identified with 
the Bell System. He became the first president of the 
Bell Telephone Laboratories when it was organized in 
1925, and held that position until 1940 when he be- 
came chairman of the Board. He retired from active 
service in 1944. 

Dr. Jewett was a term member of the M.LT. Cor- 
poration from 1928-1933, and since 1933 has been a 
life member. He was president of the Alumni Associa- 
tion during 1939-1940, and from 1925 until a short 
time before his death served on various Visiting Com- 
mittees of the Institute. 
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ji Altman-Pach 
Frank B. Jewett, ‘03 
Life Member of the Corporation, 1933-1949 


For his work on the vapor density of sodium vapor, 
magnetic change of resistance in bismuth, effect of 
pressure on insulation resistance, and particularly in 
electrical communication, Dr. Jewett has a distinct 
claim as American scientist. 

Dr. Jewett was a member of many scientific and en- 
gineering societies and the recipient of many honorary 
degrees. In recognition of his work for the Office of 
Scientific Research and Development he was awarded 
the Medal for Merit in 1946. Other honors he received 
include the Edison Medal, the Faraday Medal, the 
John Fritz Medal, the Franklin Medal, and the Wash- 
ington Award. He was president and trustee of the 
New York Museum of Science and Industry, and trus- 
tee of the Carnegie Institution of Washington, Woods 
Hole Oceanographic Institute, and Tabor Academy. 


Corporation News 


Fomor ye v of Henry Loomis as Assistant Secre- 
tary of the M.I.T. Corporation has been an- 
nounced by President Killian. Mr. Loomis, a resident 
of Manchester, Mass., has been administrative assist- 
ant to the president of M.I.T. since October, 1947. He 
came to M.I.T. from the University of California, 
where he was associated with the work of the United 
States Atomic Energy Commission. 

A member of the Class of 1941 at Harvard Univer- 
sity, Mr. Loomis held a Navy commission during 
World War II, reaching the rank of lieutenant com- 
mander. On duty with the staff of the Commander-in- 
Chief Pacific, he served for several years in the 
Pacific Theater and later briefly in Washington. 











sn ‘ * 
— “ us > ” 
. :Fiewes= or 
hw 


Harold E. Edgerton, ’27 


Shown in the lobby of the Rogers Building at M.1.T. during January was the first comprehensive exhibition of photographs made 

with stroboscopic light since the development of this photographic technique by Professor Harold E. Edgerton, ’27, of the De- 

partment of Electrical Engineering. Typical of almost 100 color and black-and-white photographs displayed, is this example of a 
forehand drive made at the rate of 60 exposures per second, having a duration of 1/50,000 second. 








Art in Contemporary Life 


a of note and one of the leading figures in 
the promotion of modern architecture and art, 
Sigfried Giedion has been appointed visiting profes- 
sor in the Department of English and History at the 
Institute for the term starting in February. In an- 
nouncing the appointment, Professor Howard R. Bart- 
lett, Head of the Department, said that while at M.I.T. 
Dr. Giedion will conduct a seminar, “Civic Centers 
and Social Life,” and give a series of five public lec- 
tures on “The Role of Art in Contemporary Life.” 

Born in Switzerland in 1894, he was educated there 
and in Germany and Italy. Trained first as an engi- 
neer, he later began the study of art history. As a stu- 
dent of Heinrich W6lfflin at Munich, he became one 
of the younger exponents of the Swiss historical tra- 
dition which began with Jacob Burckhardt. Dr. Giedi- 
on’s interest in contemporary art and architecture, 
and his personal contact with the leading artists, 
shaped his historical methods. His fundamental prin- 
ciple in treating historical phenomena is: “History is 
never stilled. It is ever in movement like the genera- 
tion observing it. There are no banal things in History. 
Relationship and contact with other disciplines form 
the backbone of History Writing.” 

When in 1928 the International Congress of Mod- 
ern Architecture was founded, Dr. Giedion was ap- 
pointed its general secretary. Such publications of the 
C.I.A.M. as Dwellings for the Lower Income Classes 
(1930) and Can Our Cities Survive? (1943) have been 
issued under his supervision. 

As a counselor of the Kunsthaus at Zurich, it was 
possible for him to arrange in the early 1930's the first 


over-all shows of such artists as Picasso, Juan Gris, 
Fernand Geger, and Hans Arp. In 1938-1939, Dr. 
Giedion was the Charles Eliot Norton professor at 
Harvard, and from 1942-1945, he was a visiting pro- 
fessor at Yale. Since 1946 he has been at the Federal 
Institute of Technology at Zurich. His works best 
known in the United States are Space, Time and Arch- 
itecture, and Mechanization Takes Command. An- 
other book, A Decade of New Architecture, is now in 
preparation and will be published in Zurich this 
spring. 
Hunsaker and McAdams Honored 
N™ honors came recently to two well-known 
M.I.T. professors: one in the Department of Aero- 
nautical Engineering, and the other in the Depart- 
ment of Chemical Engineering, both of whom have 
served the Institute for many years. 

President Truman has appointed Jerome C. Hun- 
saker, ‘12, Head of the Department of Aeronautical 
Engineering, to serve on the National Advisory Com- 
mittee for Aeronautics for a five-year term, expiring 
December 1, 1954. Dr. Hunsaker’s record of public 
service, particularly in fields related to aviation, al- 
ready includes service as chairman of the N.A.C.A., 
but the recent appointment assures his services for 
another half decade. 

On December 6, 1949, Professor William H. Mc- 
Adams, ’17, of the Department of Chemical Engineer- 
ing, was presented the William H. Walker Award by 
the American Institute of Chemical Engineers for his 
work on heat transfer. The Walker Award, named 
for the late William H. Walker, who was also a pro- 

(Continued on page 216) 
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To wer CrMeageed con pMiciaitines Leathe... 


Because everybody spends a lot of time indoors, 
under a roof of one kind or another, the building 
industry has always been of prime interest to Revere. 
There are two reasons for this concern. One is the 
obvious consideration — a good, weather-tight, long- 
lasting building should contain adequate amounts of 
sheet copper in the appropriate places. The other is 
our feeling that, as a leading producer of sheet cop- 
per, we have an obligation to the public to see that 
there is an understanding of the economy and satis- 
faction obtained through the correct use of this metal 
for waterproofing. 

Hence Revere some years ago embarked upon an 
extensive program aimed at devel- 


masonry construction. The flashing is of chief interest 
to those designing and building large commercial 
structures, though of course it is also applicable to 
the private homes built of brick and stone. There 
is now available thru-wall flashing for economical 
and enduring protection against seepage and leaks 
at copings, parapets, belt courses, sills, spandrel beam 
facings and similar masonry applications. There is a 
reglet and reglet insert, also of solid copper, for water- 
proofing spandrels at costs comparable with or less 
than mopped-on waterproofing. There is vertical rib 
siding for use on high parapet wails, penthouses, and 
so on. All these items are pre-formed, and the simple 

directions for their use can be easily 





oping the engineering principles, 
specifications and designs for suc- 
cessful application of sheet copper 
to all types of buildings. The in- 
formation thus obtained has been 
freely published for all to follow, 
with assurance of lasting protec- 
tion, whether for a home or a hos- 
pital, an office building, hotel or 
factory. Though anybody’s copper 
can be used according to these 








followed by any contractor, builder, 
or sheet metal worker. These new 
Revere Copper Products are avail- 
able through sheet metal distribu- 
tors throughout the country. 
Though we have given these new 
items the widest possible publicity, 
we realize that in this vast coun- 
try it is unlikely that absolutely 
everybody concerned will learn 
immediately about them and how 








specifications and designs, naturally 
Revere hopes it will be Revere copper, and indeed 
we are getting our share of the business. It is a great 
satisfaction to us not only to sell the copper, but to 
know that it is being applied in such a way as to give 
economical, enduring protection. This is especially 
important in these days of high labor costs, which 
make repairs due to the use of inferior materials or 
improper installation cost so much more than the 
price of good materials and workmanship, if used in 
the first place. 

Now Revere has expanded its service to the build- 
ing trades by offering solid copper flashing for 


much they can add to true economy. 
It takes time for news to get around. This time- 
lag is a problem for every company offering a new 
service or product. Recently we saw an advertise- 
ment of an important industrial material (felt) in 
which it was suggested: “Write us what you make, 
and benefit by our constructive ideas.” That is good 
advice. Revere therefore recommends that no mat- 
ter what you buy, whether metals or felt, chemicals 
or plastics, building materials or containers, you 
give your suppliers the opportunity to collaborate 
with you on the selection and application of new as 
well as old materials. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 180] 


* * * 
Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
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fessor of Chemical Engineering at M.I.T., has been 
given since 1936 for distinctive contributions to litera- 
ture of chemical engineering. Professor McAdams is 
the third from M.I.T. to be given this honor. The 
others were Thomas K. Sherwood, ’24, Dean of Engi- 
neering, award winner in 1941, and Professor Hoyt C. 
Hottel, ’24, Director of Fuels Research Laboratory, 
who was given the medal in 1945. Professor McAdams 
has done much important research and consulting 
work in heat transfer and has pioneered many recent 
developments. When the American Institute of 
Chemical Engineers convened in December for their 
annual meeting, Professor McAdams reviewed funda- 
mentals of the various types of heat transfer. 

F. J. Curtis, Vice-president of Monsanto Chemical 
Company and retiring President of the professorial 
group of chemical engineers, made the presentation 
to Professor McAdams whom he cited “for his long se- 
ries of authoritative publications in the field of heat 
transmission, represented in recent publications by 
the papers: “Measurement of Recovery Factors and 
Coefficients of Heat Transfer in a Tube for Subsonic 
Flow of Air,’ and ‘ Heat Transfer from Single Horizon- 
tal Wires to Boiling Water.’” 


Study for Executives 


a young business executives, largest group 
in the 13-year history of the executive development 
program at M.L.T., will be awarded Sloan Fellowships 
in 1950. Awarded : to outstanding young executives in 
a nationwide competition, these fellowships cover a 
year of advanced study in economics and business ad- 
ministration at the Institute and are aimed at prepar- 
ing men for higher executive responsibility. 

The fellows will be drawn from both large and small 
companies in various types of industry throughout the 
country. The winners of the fellowships will partici- 
pate in a special program consisting of seminars, 
classes, and field investigations aimed not only at in- 
creasing technical managerial skill, but also at deep- 
ening their understanding of the social and economic 
implications of their work. They will study in the In- 
stitute’s Departments of Business and Engineering 
Administration, and Economics and Social Science, 
and will have an opportunity to conduct a special in- 
vestigation in some selected field of industrial activity, 
such as finance, production, distribution, or labor re- 
lations. 

Applications for the awards must be made by Feb- 
ruary 24. Recipients will be selected on a competitive 
basis by M.I.T. after consideration of the applicants’ 
records and references, and consultation with their 

(Concluded on page 218) 
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The evolution of fuel into energy into self-propulsion is as basic to 
giant modern locomotives as it was to the picturesque old wood 
burners which scattered smoke and sparks across the countryside. 
For details, not fundamentals, change. 


And during the years since the little wood burner first set the 
pattern for today’s technological behemoths, Boston Manufac- 
turers Mutual Fire Insurance Company and Mutual Boiler 
Insurance Company of Boston have demonstrated the immutable 
value of the fundamental principles upon which they were founded. 


Their basic operating principle of fire and accident prevention 
through laboratory research and plant inspection is as sound today 
as.it was when both companies were organized by manufacturers 
who had banded together for mutual protection against their 
common enemy: Accidental Loss. 


Boston Manufacturers Mutual Fire Insurance Company 


Mutual Boiler Insurance Company of Boston 


ARSHALL B. DALTON 15 GrtBert M. Roppy °31 


President Treasurer 
60 BATTERYMARCH STREET, BOSTON 10, MASSACHUSETTS 
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offering modern industry a real advantage in having 
universal joints, of the highest quality, available 
for immediate shipment. 


This wide range of sizes —with either solid or 
bored hubs — fits most universal joint needs — 
from instrument controls to heavy duty steel mill 
applications. 


Curtis makes universal joints exclusively and their 
25 years experience is yours to command. Special 
machining for specific applications is done before 
assembly — saving money and insuring accuracy. 


Send us your universal joint problems, indicating 
speed, angle of operation and torque load, with 
blueprints if possible. There is a Curtis Universal 
Joint immediately available to you — whether for a 
heavy duty 4” installation or a high-speed light 


duty job. WRITE DEPT. B-5 
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employers. Awards range up to $2700 for single men, 
and up to $3700 for those who are married. Fellows 
will be in residence at the Institute in Cambridge from 
June 9, 1950, to June 10, 1951. Applicants must be be- 
tween the ages of 30 and 35 and have at least five years’ 
industrial experience, part of which must be in an ex- 
ecutive capacity. 

In discussing qualifications of successful candidates, 
Gerald B. Tallman, Associate Professor of Marketing 
in the Department of Business and Engineering Ad- 
ministration, who directs the program, said: “Man- 
agerial ability, seasoned intellectual capacity and a 
sensitivity to the social and civic implications of in- 
dustry, as well as a high potential for industrial lead- 
ership are the primary qualities upon which selection 
will be made. In addition, candidates must be gradu- 
ates with good academic records from an accredited 
college or university. A majority will be graduates in 
science or engineering. The men will be on leave-of- 
absence from their companies and must have the en- 
thusiastic support of their employers.” 

The original Sloan Foundation grant for these fel- 
lowships was made in 1938 as part of a program to 
promote “the increase and diffusion of economic 
knowledge.” There are 47 past recipients of M.L.T. 
Sloan Fellowships, among whom are 10 current fel- 
lows who will complete their studies in June, 1950. As 
evidence of the program's breadth of coverage, the 
current group represents such varied companies as 
Corning Glass Works, Pratt and Whitney, Johnson 
and Johnson, Ford Motor Company, Illinois Bell Tele- 

hone, Richmond Engineering, Goodyear, National 
Gypsum, Radio Corporation of America, and Stand- 
ard Oil Company of California. 


Excellence in Graphic Arts 


a the sponsorship of an outstanding product of 
American commercial printing, a Certificate of 
Excellence has been awarded to the School of Archi- 
tecture and Planning at M.I.T., by the American Insti- 
tute of Graphic Arts. 

The award, made in connection with the 1949 
Printing for Commerce Exhibition, is for a brochure 
entitled “Education of Architects and City Planners” 
designed by Professor Gyorgy Kepes of the School of 
Architecture; text for the brochure was prepared by 
Henry-Russell Hitchcock, lecturer in architectural his- 
tory. 


Crew Coach Honored 


AMES B. McMILLW, varsity crew coach at the Insti- 
J tute, was elected president of the Rowing Coaches 
Organization of America at its recent annual meeting 
in New York. In this post, Mr. McMillin succeeds Har- 
rison Sanford of Cornell University. 

Beginning his 10th season as head of the Engineers’ 
crews, Coach McMillin came to M.I.T. in 1989 after 
captaining a championship University of Washington 
crew in Seattle. 
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Chemical analysis has shown that it consists essen- 


tially of oxides of silicon, iron, aluminum, and mag- 
nesium. An analysis of an exfoliated sample gave the 
following results (rounded off to full per cent): 


SiO, 39 per cent 
Fe,O, | Beit 
Al,O, Seyi 
Ma,O + K,O a. 
MgO _—- * 
CaO Diet 
TiO, a. = 
Moisture and various 
impurities Rete: 


mm ”hCU 

The outstanding characteristic of expanded ver- 
miculite is that of an exceptional insulator, thermal 
as well as electrical, but especially thermal. This was 
interesting but unimportant because so little vermicu- 
lite could be had at any one time that, at best, the 
amount would have been sufficient only for laboratory 
use. But some 20 years ago a very large deposit of ver- 
miculite was discovered near Libby, Mont. By 1946 
the Minerals Yearbook of the Bureau of Mines re- 
ported production of this material from seven states: 
Colorado, Montana, Nevada, North Carolina, South 
Carolina, Texas, and Wyoming. Whereas the average 
annual production between 1935-1939 was 18,000 
tons, by 1946 annual production of vermiculite had 
risen to 86,000 tons. 

In the course of preliminary research it was found 
that expanded vermiculite was not only a very poor 
conductor of heat but that it was also capable of ab- 
sorbing large amounts of heat. Furthermore, it did not 
change itself, even when heated to a high temperature 
for a long time. In addition to all this, it has a very low 
specific gravity, weighing about six pounds per cubic 
foot. It could be used loose as a filler in wall spaces 
(as rock wool is) or in lieu of sand in concrete, or as 
an admixture to plaster. It is also used in insulating 
refractory brick, in lightweight and fireproof struc- 
tural units, in non-load-bearing partition tile, and as 
a packing material around glass acid bottles and car- 
boys. 

The main reason for using expanded vermiculite in 
concrete is, of course, the fireproofing and fire-resist- 
ing feature, but there is a very considerable weight 
reduction among the by-products. One example is the 
35-story Mercantile National Bank Building in Dallas, 
Texas. It has been estimated that the weight of the 
eoncrete for this building would have been 42,124,523 
pounds if the customary cement-sand mixture had 
been used. The mixture of cement and expanded ver- 
miculite actually used weighed 10,855,870 pounds. 
This reduction in weight reduced the amount of struc- 
tural steel in turn: 4,400 tons of steel were actually 
used. The estimate for conventional construction was 
6,280 tons. 

Demonstrations of its fire-resisting qualities are es- 
pecially impressive. A one-inch slab of cement-ver- 
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Hevi Duty Precision Electric Heat Treat- 
ing furnaces are built in a large variety of 
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operations — with temperature ranges to 
2500° F (1371°C). They are standard pro- 
duction equipment in many national indus- 
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switches as well as special transformers for 
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miculite concrete was placed on a sheet of paper, and 
a two-pound magnesium incendiary bomb was per- 
mitted to burn itself out on top of the slab of concrete. 
At the end of the experiment the paper under the con- 
crete slab was found to be uncharred. Another expe- 
riment consisted of a simulated fire in a building. The 
floor of the upper story consisted of two inches of 
vermiculite concrete. This was supported by a steel 
beam, and under the steel beam there was a ceiling 
consisting of a one-inch-thick slab of vermiculite plas- 
ter. That ceiling was heated to 2,000 degrees F., corre- 
sponding to an unusually hot fire in the lower story, 
and hot enough to weaken structural steel danger- 
ously. This heating was continued for a period of four 
hours, far beyond the time a real fire in any office 
building would be likely to last. At the end of that pe- 
riod, the temperature of the floor in the upper story 
was measured: it was 203 degrees F. which is not 
quite high enough to boil water. 


Standard Frequency and Time 


Fo many years time and standard frequency sig- 
nals, accurate to within a few parts in one hundred 
million, have been broadcast from Station WWV, op- 
erated by the National Bureau of Standards. The 
usefulness of such transmissions has been increased 
with a change of transmitting schedule, effective Janu- 
ary 1. Standard time signais, announced both in code 
and voice every five minutes, are now being trans- 
mitted on carrier frequencies of precisely 2.5, 5, 10, 15, 
20, 25, 30, and 35 megacycles per second and may be 
received on an ordinary short-wave receiver. Each 
carrier is modulated by standard frequency tones of 
440 and 600 cycles per second, transmitted in alterna- 
tive five-minute intervals. Short pulses, heard as faint 
clicks, mark second intervals. 


NEXT WAR’S WEAPON 
(Continued from page 204) 


Air-to-air rockets were also used by the Germans 
in World War II against Allied bomber formations. 
These weapons will come into prominence as combat 
is begun at greater ranges and it is entirely possible 
that the future will bring forth a heavily armored de- 
stroyer, fitted with rocket-launching turrets. The 
rockets could be aimed by radar and detonated by 
proximity fuses when they reached their targets. The 
larger projectiles might even be guided, either from 
the launching airplane or from the ground. These 
destroyers, however, will undoubtedly represent a 
transitional stage in warfare and will be rapidly 
superseded. 

By employing short-range rockets, the “Jato,” or jet- 
assisted take-off, also has great practical importance, 
for it permits a‘considerable increase in take-off 
weight, and hence performance, and it can be used 
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to reduce the length of the runway needed by an air- 
craft to become air borne. 

However, it is the medium-range rocket, which was 
beginning to appear during the final stages of World 
War II, that holds much promise in revolutionizing 
air combat as we know it today. This type is exem- 
plified by the medium-range rocket interceptor, of 
which both piloted and guided versions were under 
intensive development by the Germans at the end of 
hostilities in Europe. 

One of the piloted machines, the Me-163, actually 
became operational while a second, the Natter, was 
undergoing short test flights when the war ended. 
Both were manned rockets of a very short endurance 
(five minutes under full power to be exact) but they 
had phenomenal rates of climb. The Me-1638, for ex- 
ample, could get up to 40,000 feet in three minutes, 
while the Natter could get that high in little over one 
minute. Intensive future development in this field un- 
doubtedly will result in the conventional fighter being 
superseded by this type of aircraft. Their high rate of 
climb would enable them to stay on the ground until 
the enemy bombers were only a few miles away. 
They would then go up, almost vertically, into action, 
break off the engagement, and return to the ground. 
If they launched rocket projectiles into the bomber 
formations, the latter would find it very difficult to 
carry out the assigned mission. The defense would 
have to be accomplished either by having flying de- 
stroyers in the formations, or by the use of such enor- 
mous speed that interception was impossible. This, in 
effect, means the replacement of the bomber by the 


long-range rocket, and at this point the pilot begins to 
disappear from the picture. 

Science has proven that the human body can with- 
stand only limited accelerations, can respond to only 
a few stimuli at a time, and has comparatively slow 
reactions. The speed of attack in air warfare is stead- 
ily increasing and the 3,400 miles per hour of the A-4 
is only the beginning. Man can never hope to fight 
against such speeds. Skill, courage, and resolution 
will not suffice and the time will come when only ma- 
chines can fight machines. 


German War Research 


At the close of World War II, the Germans were 
discovered to have been working desperately on a 
large number of guided rockets, such as the Rhein- 
tochter, Schmetterling, and Wasserfall. Some of these 
rockets had been tested, and claims of one contact 
in four had been made with experimental models. 
These missiles, made with experimental models, were 
to be controlled from the ground by radio and 
directed into the bomber formations where they 
would “home in” on their targets by radar or infrared 
detectors. They would be capable of very high speeds 
—up to the speed of sound —and when they were 
perfected, it is hard to see how conventional bombers 
could successfully defend themselves against attacks 
from guided missiles. Elaborate countermeasures 
could be tried, similar to those used in the radar 
war, but it is not feasible or desirable to jam the entire 
radio spectrum. Automatic homing rockets might be 
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Economy Non-Clogging 
Sewage Pump 


on Economy Pumps. 





Centrifugal, axial, and mixed flow 
pumps for all applications. 


For complete details on any Econ- 
omy Pump, write Dept. M-3 
Please specify type pump in 
which you are intereste 





Economy Axial 
Flow 







Economy 
Pumps, Inc. 


Division of Hamilton-Thomas Corp. 
HAMILTON, OHIO 


FEBRUARY, 1950 


Economy PUMPING makes sound 
sense to engineers who know the dol- 
lars and cents value of trouble-free 
pumping service. To pump longer, at 
lower cost, with less maintenance, rely 


Si Enamel So a ~ a Jute > - 
' For complete details on any Klipfel y : 
Valve, write Dept. M-3 } 





Economy Double 
Suction Pump 



























pi 






Please specify type valve in which | 7m 
you are interested. ? 







































2 
GAS... LIQUID. . . SOLID (Dry Ice) 


THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Avenue, Chicago 23, Illinois 





U.S.A. 


28 Producing Plants 
More than 50 Distributing Points 


CANADA 


Halifax to Vancouver 


OVERSEAS 


England, Cuba, Mexico, Venezuela, 
Colombia, Trinidad, Brazil 








Gondor TRANSMISSION BELT 


This 38”, 10-ply Condor Transmission Belt has worked continuously for 
22 years in the engine room of J. L. Prescott Company, Passaic, N. J. 
It is still going strong and looks good for several more years before 
being retired. 


This example of Manhattan belt workmanship is one of many records 
set by Condor Transmission Belts. Pioneer developments in belt con- 
struction have come out of Passaic for more than 56 years ... and new 
Manhattan developments continue to benefit industry. 


Only Raybestos-Manhattan makes a complete range of transmission belts: 
duck, cord, endless, four selections of driving surfaces, oil-proof, non- 
spark, acid-proof. 


7 RAYBESTOS-MANHATTAN, inc. 


MANHATTAN RUBBER DIVISION, PASSAIC, NEW JERSEY 








NEXT WAR’S WEAPON 
(Continued from page 221) 


rendered harmless for awhile, but there would not be 
any effective defense against a ground-controlled 
projectile carrying television and homing in on the 
hundreds of kilowatts of heat thrown out by the 
bomber’s engines. Such rockets have already been de- 
veloped and do not represent any great advance in 
existing technique. 

These weapons may mark the end of the man- 
carrying fight but not necessarily the end of the fighter 
pilot who represents a complexity of skills difficult 
to replace by machinery. There have already been 
several examples of missions largely controlled from 
the ground. “Oboe” bombing and fighter sweeps, ra- 
dar-controlled, are two examples. The remote-con- 
trolled fighter, operated by a pilot many miles away, 
is therefore a logical development. 

Guided missiles will also be a boon to naval 
operations and may well replace fighter aircraft for 
defensive purposes in the very near future. The large 
vulnerable carrier will no longer be required to pro- 
vide fighter cover as its primary mission. Then, too, 
the necessity of getting aircraft safely back down on 
the carrier, after an action, will be eliminated, thus 
giving the fleet greater freedom of action. To a large 
extent, guided rockets could replace heavy guns for 
long-range engagements and thereby provide a sav- 
ing of weight of many thousands of tons in the case of 
capital ships. 

The guided rocket appears to be the only conceiv- 
able defense against the long-range rocket bomb. This 
type was developed by increasing the speed of the 
rocket sufficiently to be given nearly antipodal 
ranges, although this is done at the expense of very 
small pay loads. The German-type A-4 had a maxi- 
mum speed of 3,400 miles per hour and a range of 
220 miles. The Germans planned to increase this 
range to 3,000 miles by giving the A-4 wings and 
launching it from a much larger booster rocket, the 
A-10, which would, if the work had been completed, 
have weighed about 85 tons. The important point in 
connection with the long-range rocket is that its step- 
rocket principle provides one method of circumvent- 
ing the velocity pay-load view. 


Rocket Defense 


Even today, once they have been fired, there is no 
proven defense against guided rockets, and their 
launching sites are much less vulnerable to enemy at- 
tack than airfields. A preliminary analysis reveals that, 
with conventional explosives, rockets may be more 
economical than bombers for ranges up to about 400 
miles. As compared with heavy-bomber operations, 
the enormous saving in man power required for a 
rocket offensive is also an important factor, as well as 
the fact that rockets can be mass produced at very 
little cost. 

Today it requires a rocket weighing about 100 tons 
to deliver a pay load of one ton at a distance of 3,000 
miles, inasmuch as 70 per cent of this weight is in fuel. 
Atomic bombs weigh only a few hundred pounds and 

(Continued on page 224) 
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The old story again and again. Gas spillage 
during a fill! Arguments over the ugly fender 
stain and who pays for the gas on the ground. 

All so unnecessary today when cars can be 
equipped with VENTALARM* Whistling Tank 
Fill Signal. No spills, faster fills—saves time, 
temper and money for car owner and station 
attendant alike. 

Over 1,000,000 1950 passenger cars will be 
standard equipped with VENTALARM Signal. 


“Just fill til the whistle stops” 
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70A First Street, Cambridge 41, Mass. 
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today to Dept. T-4 for technical bulletins. 
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2231 E. Ontario Street, PHILADELPHIA 34, PA. 
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including sash cord, clothes line, trolley cord, 
signal cord, shade cord, Venetian blind cord, 
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SPOT CORD 


Reg. U. S. Pat. Of. 





Our extra quality sash cord, distinguished at 
a glance by our trade-mark, the colored spots. 
Especially well known as the most durable 
material for hanging windows, for which use 
it has been specified by architects for more 
than half a century. 
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Rogers Peet Clothes . . . cut on our 
own patterns and hand-tailored from our 
own woolens in our own workrooms... 


are obtainable from coast to coast. 

They are featured by our own stores 
in New York and Boston, the Douglas 
MacDaid shops in New Haven and 
Princeton, and a carefully selected list 
of other good stores in many other cities. 
We shall be glad to supply you with the 
name of the nearest one. 
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4 Onpany 


Makers of fine clothes 


In New York: And in Boston: 
Fifth Avenue Thirteenth St. Warren Street Tremont St. 
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NEXT WAR’S WEAPON 


(Continued from page 222) 


need never be much larger, though their efficiency, of 
course, will increase. These two facts seem to point 
out the final end of the very heavy bomber. 

It is true that the main objection to the rocket as a 
long-range weapon is its inaccuracy; but this defect 
will certainly be overcome in time by the use of tar- 
get-locating devices, radio lattices (fixes), or televi- 
sion. It would be virtually impossible to jam a rocket 
controlled by a locked microwave beam from a high- 
altitude relay airplane several hundred miles away, 
especially since the radio control might be required 
only for a very few seconds when the projectile was 
nearing its target. It will also be possible to develop 
entirely self-contained controls similar to those used 
in the later A-#s fired against London. Rockets would 
contain course integrators which could be set for any 
required destination and which could not be affected 
by any external signal. Once launched, only an actual 
collision could deflect such a projectile from its target. 

As has been mentioned before, no complete de- 
fense is possible against such weapons. The only 
defense of any kind would be the guided rocket. Visu- 
alize, for a moment, the development of small ma- 
chines capable of accelerations of 100 or more times 
that due to gravity, and homing in on radio, radar, or 
even local gravity fields. Such machines would be 
equipped with various means of identification — (In- 
terrogation: friend or foe)—to prevent them from 
attacking each other. The possibilities here are end- 
less; for, among other things, science might inject 
suitable metals into the blast coupled with spectrum 
analyzers for interrogation. However, even such 
highly developed defensive machines would be hard 
put to intercept, in a matter of seconds, projectiles 
traveling 3,000 miles per hour or more. 


Rockets and the Atom Bomb 


Many engineers and scientists have advocated the 
use of the rocket as an ideal means of delivering 
atomic explosives. This may soon prove to be the only 
method that can be used without destroying the at- 
tacker. Another important advantage is that the 
enormous impact velocity of the rocket greatly sim- 
plifies the detonation problem if a ground burst is re- 
quired. The subcritical masses have only to be placed 
on the axial line and they will be united at a speed 
which will prevent premature detonation and make 
unnecessary the complicated gun arrangements in 
the present atomic bombs. 

If it becomes possible to build an atomically pro- 
pelled rocket with motors of no more than the effi- 
ciency of the Hiroshima bomb, roughly 0.1 per cent, 
the resulting jet velocities would be many millions of 
miles an hour, and the theoretical limit would be the 
velocity of propagation of light itself. Even though 
such speeds would be out of the question inside the 
atmosphere, it would be a comparatively simple mat- 
ter to design rockets flying under continuous thrust 
at very high accelerations along constantly randomed 
paths. The interception of these rockets by any ma- 

(Concluded on page 226) 
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Near as the next mail box 


In these days, it’s easy for people who live and work “out 
of town” to maintain an active checking account with us—by mail. 

There’s no need to plan ahead—to hold checks until you 
“get in town.” Simply make out the deposit slip—seal and stamp 
one of the special envelopes we supply you—and drop it in the 
nearest mail box. 

The next time you’re in our neighborhood, why not come 
in and let us explain how simple and convenient it is to bank with 


us by mail? oR 
New England Trust Company 


135 DEVONSHIRE SI REET 
At the Corner of Milk Street 
BACK BAY BRANCH :: 99 NEWBURY STREET 
Boston, Mass. 
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NEXT WAR’S WEAPON 
(Concluded from page 224) 


terial projectile-would be virtually impossible, since, 
even if they could be detected, their destinations 
could not be foreseen until it was too late. 

The Germans actually had one type of long-range 
piloted rocket in mind at the end of World War II, 
but this type has too few military advantages. For 
one thing, it does not provide adequately for the safe 
return of the crew. Such rockets might be valuable for 
reconnaissance, but even here they would eventually 
be superseded by the guided rocket carrying televi- 
sion equipment. 

A true rocket bomber, a manned rocket delivering 
explosive loads and capable of returning to its base, 
appears to have no advantages over the long-range 
guided rocket, and it has some disadvantages, par- 
ticularly vulnerability and low performance, since it 
has to carry a much greater weight of fuel as well as 
the equipment needed by the crew. However, Gen- 
eral Henry H. Arnold, in his report to the Secretary 
of War, has suggested that such machines would be 
required to launch rockets from unexpected quarters 
if the defense against long-range projectiles became 
too effective. These machines would be true space 
ships, traveling in trajectories outside the atmosphere. 
This argument does not seem to hold, since guided 
rockets could be designed to follow courses at least as 
tortuous as those manned machines and at much 
greater speeds. An interesting point to note in con- 
nection with these machines is that they could not 
employ bombs in the ordinary sense of the word, 
since any part of the load would share the ship’s or- 


Settee edie He He de Hehe He Hee Se Te Me Mee eS 


WILLIAM D. NEUBERG CO., INC. 


CTS Chemucals ETD 


GRAYBAR BUILDING 420 LEXINGTON AVE. 
NEW YORK 17, N. Y. 
TELEPHONE OREGON 9-2550 
CABLE—"“WILNEUBERG" 
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bital motion and so would not be capable of falling 
back to earth. 

A rocket which attains a speed of five miles a sec- 
ond above the atmosphere would never return to 
earth but would continue to circle it forever in an as- 
tronomical orbit. At a higher speed, for example, seven 
miles a second, the rocket would escape from the 
earth’s gravitational field completely and recede into 
interstellar space. 

While chemical fuels are used, these velocities can 
only be achieved by step rockets of very small pay 
load; such machines are likely to be of scientific value 
only. The advent of the atomic drive would, however, 
change the picture completely, for, if conversion effi- 
ciencies of 0.1 per cent were achieved, fuel loads of 
only a few per cent would be ample for journeys to be 
nearer planets. This is mentioned only to show the 
spectacular possibilities which will be an immediate 
outcome of any harnessing of atomic power te rocket 
propulsion. When that time comes, and it is not too 
far away, vistas will be opened before which our pres- 
ent imagination falters. The least of the achievements 
one may expect to see is the establishment of stations 
in closed orbits at heights of 1,000 miles or more, cir- 
cling the worlds in periods of a few hours like artificial 
moons. The Germans were actually planning such sta- 
tions and such an arrangement does present an at- 
tractive solution to the problem for world surveillance 
and control. 

These futuristic word pictures may appear to be so 
fantastic as to be unworthy of serious consideration, 
but they are the logical, inevitable outcame of one as- 
pect of atomic energy and, as such, cannot be ignored 
in rocket development. 
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ATOM-BOMB WORLD 
(Continued from page 206) 


2. That the General Assembly be reconstituted as the 
legislative branch of the world government in 
which the citizens of the member states are repre- 
sented on an equitable basis. 

3. That the General Assembly, in addition to its present 
functions shall have the power: 


(a) to make laws prohibiting, or otherwise controlling, 
weapons of mass destruction and, so far as neces- 
sary for that purpose, regulating the uses of atornic 


energy; 

(b) to — laws providing for such inspection as is 
necessary or appropriate to the execution of the 
foregoing powers; 

(c) to provide for appropriate civil and criminal sanc- 
tions for the laws enacted pursuant to the fore- 
going powers; 

(d) to provide and maintain such police forces as are 
necessary for law enforcement. 

4. That independent judicial tribunals be created with 
jurisdiction over cases and controversies arising 
under laws enacted by the General Assembly or 
involving questions concerning the interpretation 
of the charter of the United Nations. 

5. That a Bill of Rights be designed for the protection 
of persons affected by laws enacted by the General 
Assembly. 

6. That the Security Council be reconstituted as the 
executive branch of the world government with 
the power: 

(a) to administer and insure the enforcement of the 
laws; and 

(b) under the direction of the General Assembly, to per- 
form its present functions as defined in the charter. 

7. That the powers not delegated to the General As- 
sembly Oe reserved to the member states. 


These proposals and objectives represent the es- 
sence of the best thought upon the subject, and are, in 
fact, the proposals and objectives drawn up by the 
Rollins College Conference on World Government. 
They represent the minimum requirements necessary 
for the creation of a world government capable of 
averting the catastrophe of another war in the atomic 
era. 


Congress Awaits 


Since the first reaction to the consequences of the 
atom bomb has gradually died down and been 
replaced by a concentration on a possible war with 
Russia, the situation of mankind has become more 
dangerous than ever. Congress is waiting for the peo- 
ple to tell it what to do. If we raise our voices, we shall 
be heard. If all of us join our voices together, what we 
have to say will prevail. There is very little time left. 
Here is what we can do: 


1. We can make our congressmen aware of the reasons 
for the necessity oF world government, and can 
urge them to make their influence felt on the sub- 
ject. 

2. We can urge the United Nations to adopt the above 
proposals. 

3. We can support all organizations having world gov- 
ernment as their objective. 

4. We can organize a world-government group in our 
neighborhoods if one does not already exist there. 

5. World government implies co-operation, not com- 
petition, between the peoples of the earth. One of 
the things we can do immediately is to cast our 
vote for peace by beginning to live co-operatively. 
The only defense against the atom bomb is the 
moral aspiration of people to live in peace with 


(Concluded on page 230) 
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ATOM-BOMB WORLD 
(Concluded from page 228) 


one another in a united world under a common 
world government. 


Freed from the menace of war, atomic energy can 
be, for all of us, in all nations, the great cohesive force 
which makes one world possible. To assist us toward 
realizing this aim, we have today at our disposal the 
philosophy, firmly based in science and in religious 
teaching, of the unity of all mankind; a philosophy 
which creates emotional force as well as intellectual 
conviction; a philosophy which creates the conscious- 
ness of a common purpose in mankind, which at once 
establishes the principle of the right to cultural self- 
determination and the international co-operation of 
all mankind. 

The scientists who created the atom bomb have 
themselves set us the pattern by means of which this 
purpose can be realized; for, into the creation of the 
atom bomb went the genius of many nations. The free 
and untrammeled co-operative labors of the scientists 
of the whole world contributed to the discovery of 
atomic energy. Without world co-operation of scien- 
tists, that discovery would have been quite impos- 
sible. We knew that atomic energy was a real and not 
an imaginary thing before we discovered how to re- 
lease it. We have now to conquer it. Similarly, scien- 
tists know that mankind is one, and are in process of 
discovering the means of releasing those energies 
which will make all the world believe it. But the task 
is far more difficult than that of the nuclear physicist, 
far more difficult and far more complex. Thousands 
of us will have to be engaged upon a thousand differ- 
ent fronts in order to solve our problem; and, we can 
solve it only as the nuclear physicists solved theirs: by 
co-operation. In co-operation, and in unity on a world 
scale, lie the strength which will make humanity safe 
for mankind. Now is the time for clear and careful 
thought implemented by resolute action. Unless we 
act with intelligence and resoluteness now, we may 
never have another chance. 


THE DELAYED INVENTION 


(Concluded from page 210) 
do the same job, with a marine biological station as 
an adjunct. 

Something resembling a seadrome may materi- 
alize in this roundabout manner. But the big one 
everybody has been talking about for years seems 
to be an invention which didn’t appear because it 
was conceived to serve aviation which was impatient 
enough to run away from it. 
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Boston, Mass. 
E. R. Kaswei, "39 


665 Boylston Street 


W. J. Hamoeuncenr, ‘21 K. R. Fox, "40 


WiuutiaM W. Russet ’22 Epcar P. Parmer °25 
PALMER RUSSELL CO., Realtors 
1320 Beacon Street Brookline 46, Massachusetts 
Compete Morrcace Service 


Business Loans to Corporations and Institutions 
Loan Correspondent for the Penn Mutual Life Insurance Company 





GILBERT ASSOCIATES, INC. 


ENGINEERS AND CONSULTANTS 
Malcolm GC. Davis °25, Vice President Allen W. Reid "12 E. C. Edgar ‘35 
Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratory 
New York, N. Y. Reading, Pa. Washington, D. C. 
Philadelphia, Pa. Houston, Tex. 
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EXpress 7766 
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Progress makes mechanical equipment obsolete long before 

it wears out. Giant strides in steam generating practice during 
the past twenty-five years have resulted in substantially 
increased efficiencies and lower operating costs... have greatly 
accelerated obsolescence. And when you consider today’s 

cost of fuel and labor, you may find that these gains in operating 
efficiencies would make modern steam generating equipment 
a profitable investment for you. 


Many of the technological improvements responsible for this 
accelerated obsolescence have been successfully applied findings 
of Combustion research and development. The experience 
incident to this progress is at your disposal. Lower steam costs 
can help solve today’s critical problem — widening the margin 
{ between your costs and your selling price. A letter from you 


: will bring an experienced C-E sales engineer to your office. 
B-356 


ICE 


COMBUSTION ENGINEERING — 
SUPERHEATER, INC. 


Merger of Combustion Engineering Company, Inc. and The Superheater Company 


200 Madison Avenue « New York 16,N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
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Chemistry plays a large part in modern manufacturing. Draper 









XD MODEL LOOM 











chemists work along with the physicists in attempts to find new and 





better basic materials. They maintain a constant check on the chem- 





ical properties and the analysis of materials used in production. 
Furthermore and of great importance are the frequent tests they run 
each day on the melt of the cupolas, in order to assure the proper 


quality of the iron for castings. 







Thus the Draper chemists not only endeavor to maintain present 
quality in raw materials used, but also continually search for some- 
thing better in order that Draper products will remain the leaders in 


the field. 


DRAPER CORPORATION 


HOPEDALE, MASSACHUSETTS 













UNIT INSTRU 


Types 1205 and 1207 
PLUG-IN > VERSATILE - INEXPENSIVE Tes 1205 an 120 


HE new G-R line of unit instruments — each complete in itself, with 

straightforward circuit, good accuracy and adequate shielding — provide 
a means for acquiring the basic measuring instruments for any small electronics 
laboratory with the minimum financial outlay. 

These units are especially valuable in the college laboratory. All of the circuit 
components are permanently mounted in small, rigidly-constructed cabinets 
with open wiring which can be modified by students into a wide variety of 
typical circuits, and then restored to their original design with the minimum 
of time. Adequate metering is supplied. The accuracies are sufficient for a very 
large number of routine laboratory measuremencs, including use with various 
bridge circuits. 

The power supply plugs into each unit, automatically furnishing the latter 
with proper filament and plate voltages. An accessory Jones plug is furnished 


so that customer-built units may be plugged into the power unit. Seven plug-in coils cover the range of 
70 ke to 80 Mc; three coils provide fixed 
Type 1205-A Unit Power Supply This unit supplies output voltages frequencies of 400, 1000 and 20,000 


of 6.3 volts at 2.5 amperes and 300 volts dc at 50 ma. The hum level is 0.8 volt cycles. Prices: from $9.00 to $19.50 each 
at maximum output load. Connections to the associated unit equipment are 
made through a multipoint connector mounted in the ends of the instrument. 
An extra connector is supplied for use with other equipment. Price: $55.00 


Type 1206-A Unit Amplifier This amplifier uses two triode voltage- 
amplifier stages and an impedance-coupled output stage. It has a maximum 
voltage gain of 45 db with a maximum output of 30 watts. The frequency 
response is essentially flat from 100 cycles to 100 kc. Above 100 cycles the 
distortion is less than 2% with 1 watt into a 7500-ohm load. Price: $65.00 
Type 1207-A Unit Oscillator With separately available, high-Q plug-in Each unit is equipped with a multipoint 


plug (at rear) to pick up filament and plate 


uv : ‘ : : _ ; voltages from the power supply. Small 
at }4 watt maximum output. Seven plug-in coils provide continuous frequency ples of front ineures adequate mechantedl 


coverage from 70 Kc to 80 Mc. Three fixed-frequency coils supply audio fre- connection between separate boxes 
quencies at 400, 1000 and 20,000 cycles. A blank coil is furnished with each 
instrument. The frequency stability is adequate for most routine laboratory 
uses except when highly selective tuned circuits are involved. Price: $73.00 


coils this oscillator produces a test signal at frequencies from 400 cycles to 80 Mc 


GENERAL RADIO COMPANY 


Cambridge 39, Massachusetts 
90 West St., New York6 9205S. Michigan Ave., Chicago5 1000 N. Seward St., Los Angeles 38 














